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PREFACE  TO  THIS  EDITION. 


The  chief  olrject  of  this  work  is  to  show  the  nature  of  the  foimdfttioii- 
etones  of  Geological  History  as  now  known  to  us  b j  their  imbedded 
organic  renuuns ;  and  the  geological  reader  into  whose  hands  it  maj 
Ml,  will  &id  that,  while  sustaining  the  same  general  Tiews  which  were 
published  in  the  last  edition,  it  contains  veiy  numerous  additions  as 
respects  both  Britain  and  Foreign  Countries. 

If  a  work  relating  to  the  history  of  Man  be  founded  upon  the  best 
authorities,  slight  alterations  are  alone  looked  for  in  a  new  edition. 
Very  different,  howeyer,  is  the  responsibility  of  the  geologist,  who, 
eliciting  from  time  to  time  many  new  truths  from  the  repositories  of 
ancient  Nature,  must  bring  before  the  public  each  freshly  discoyered 
fact  which  may  influence  his  conclusions. 

In  the  -flrst  place,  then,  a  most  important  section,  exhibiting  the 
lowest  rocks  in  the  British  Isles,  as  lying  beneath  all  the  oldest  known 
sedimentary  and  fossiliferous  rocks,  is  described  in  the  opening  Chapter, 
— ^the  coloured  Prontispiece  displaying  at  one  yiew  a  lower  succession 
of  the  fundamental  rocks  of  our  country  than  was  preriously  known, — 
those  rocks  being  unconformably  surmounted  by  crystalline  rocks  with 
Lower  SQurian  fossils. 

It  is  true  that  in  the  year  1851,  and  again  in  1854  (see  prerious 
edition,  p.  162),  I  speculated  on  the  possibility  jof  a  large  portion  of 
the  crystalline  stratified  rocks  of  the  Highlands  preying  to  be  the  equi- 
yalents  of  the  Lower  Silurian  of  the  southern  part  of  Scotland ;  but  it 
was  not  until  1855  that  I  saw  indications  of  the  correctness  of  that 
hypothesis,  by  the  discoyery  of  a  few  imperfect  fossils  by  Mr.  C.  Peach 
in  the  limestones  of  the  west  of  Sutherland.  Encouraged  by  me  to 
proceed  in  his  inquiries,  that  able  explorer  has  detected  so  many  re- 
cognizable species,  that,  after  reyisiting  the  localities,  accompanied  by 
him,  during  this  year,  I  am  completely  satisfied  that  the  opinions  I 
formerly  announced  to  the  Geological  Society  are  substantially  correct. 
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vi  PREFACE. 

It  now  transpires,  that  the  gneiss  of  the  N.W.  coast  of  the  Highlands 
is  older  than  any  rock  of  England  or  Wales, — ^being  surmounted  by 
strata  the  equivalents  of  which  in  England  constitute  the  Cambrian 
rocks,  and  which,  formerly  mistaken  for  Old  Eed  Sandstone,  are  in 
their  turn  overlapped  most  clearly  by  quartz  rocks  with  limestones, 
the  fossils  of  which  prove  them  to  be  of  Lower  Silurian  age.  Other 
overlying  rocks  (mica-schists,  Ac.)  follow,  all  dipping  to  the  E.S.E. ;  whilst 
the  true  Old  Bed  Sandstone  of  the  east  coast  of  Scotland  is  shown  to 
be  compounded  out  of  all  these  pre-existing  rocks. 

In  the  following  chapters  eighty-four  additional  fossils  are  figured 
in  woodcuts,  many  of  them  being  new  species.  The  naturalist  who 
calls  for  more  elaborate  descriptions  of  these  new  forms  than  are  here 
offered,  must  for  a  brief  time  be  satisfied  with  the  small  and  sharply 
defined  drawings  prepared  under  the  eye  of  Mr.  Salter,  whose  assist- 
ance and  advice  have  been  of  paramount  value  to  me  throughout,  and 
who  in  other  works  will  give  detailed  descriptions  which  are  incom- 
patible with  my  present  object. 

One  of  the  chief  deficiencies  in  the  preceding  edition  of  this  work 
was  the  omission  of  the  original  beautiful  plates  of  Corals  of  the  Silu- 
rian rocks,  both  Lower  and  Upper,  admirably  drawn  by  Mr.  Scharf,  sen., 
under  the  direction  of  my  eminent  Mend  Mr.  W.  Lonsdale,  who  described 
these  fossils.  The  lithographic  drawings,  which  yrere  supposed  to  have 
been  rubbed  off  the  stones,  having  been  fortunately  preserved,  these 
highly  characteristic  plates  (38  to  41  inclusive)  doubtlessly  add  much 
value  to  the  present  volume. 

Besides  the  identification  of  the  Bala  rocks  and  fossils  with  those  of 
the  Caradoc  formation,  various  improvements  will  be  found  in  the 
annexed  Map ;  one  of  these  being  the  introduction  of  an  intermediate 
zone  of  rocks  which  connects  the  Lower  and  Upper  Silurian,  under  the 
name  of  the  "  Llandovery  Bocks."  To  render  this  subject  more  clear,  a 
chapter  is  devoted  to  it,  and  the  fossils  specially  characteristic  of  the 
middle  and  connecting  zone  are  removed  from  the  old  Plates  of  the 
Caradoc  Sandstone  and  grouped  by  themselves,  in  accordance  with  con- 
clusions at  which  I  arrived  in  the  year  1856,  not  only  on  paleontological 
grounds,  but  also  by  physical  evidences  obtained  in  company  with 
Professor  Bamsay  and  Mr.  Aveline,  when  we  resurveyed  many  parts  of 
the  original  Silurian  region.  Let  me  here  say,  however,  tliat,  excepting 
this  modification,  the  Silurian  classification  remains  precisely  such  as  it 
was  when  sanctioned  by  my  predecessor.  Sir  H.  De  la  Beche,  and  his 
associates. 

In  respect  to  the  Devonian  or  Old  Bed  rocks,  great  improvements  of 
classification  have,  it  is  hoped,  been  made.  Thus,  it  is  now  clearly 
demonstrated  by  sections  along  the  original  Silurian  frontier,  that  the 
zone  containing  Cephalaspis  and  Pteraspis  is  the  real  base  of  this  group, 
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PREFACE.  Tu 

and  that  this  band  passes  downwards  regularly  and  gradually  into  the 
uppermost  Silurian  rock.  Hence  it  follows,  that  the  Caithness  flag- 
stones and  their  extensions  in  Boss  and  Moray,  which  are  charged  with 
ichthyolites  Teiy  different  firom  those  of  the  Cephalaspis  zone  of 
England  and  Forfiurshire,  and  repose  upon  a  great  thickness  of  red 
sandstone  conglomerate,  can  no  longer  be  considered  as  the  lower  band, 
but  manifestly  constitute  the  middle  soue  of  the  Old  Bed  or  Devonian 
group.  Again,  some  interesting  new  matter  is  produced  (pp.  558,  570) 
touching  the  uppermost  Deyonian  zone  in  Scotland,  and  the  existence 
in  it  of  a  large  reptile  (the  Stagonolepis),  in  addition  to  the  little 
Telerpeton  Elginense. 

The  body  of  this  work  has,  further,  been  much  improYed  by  the  acces- 
sion  of  new  data  derived  firom  many  foreign  sources.  On  this  head,  the 
reader  will  not  fail  to  see  the  value  of  the  contributions  from  the  labours 
of  de  Yemeuil  in  France  and  Spain,  of  Barrande  in  Bohemia,  of  Ejerulf 
in  Norway,  and  of  von  Eeyserling  and  Schmidt  in  the  Baltic  provinces 
of  Bussia.  He  will  further  find,  that  the  true  fossiliferous  base  of  the 
Silurian  rocks  in  Norway,  Sweden,  and  France,  as  well  as  in  England 
and  N.  America,  is  the  zone  of  Lingula  Flags. 

The  reader  will  also  observe,  that  my  acquaintance  with  the  Permian 
rocks  has  been  considerably  enlarged  by  personal  examination  in  the 
years  1854-7  of  many  tracts  which  have  long  been  classical  among 
German  geologists ;  and  I  trust  that  the  truthfulness  of  the  classification 
which  I  proposed  in  1841  under  the  name  of  "  Permian"  will  now  be 
completely  established  by  dear  proofs,  both  stratigraphical  and  paleon- 
tological  (the  botanical  evidences  being  obtained  not  only  from  Qutbier 
and  Oeinitz,  in  Saxony,  but  largely  firom  G^ppert,  of  Breslau),  showing 
that  the  Both-todt-liegendes,  or  Lower  New  Bed  Sandstone  of  English 
geologists,  is  really  the  base  of  that  supra-Carboniferous  group. 

It  may  further  be  stated,  that  this  volume  has  been  enriched  by 
several  Tables,  which  are  the  result  of  much  close  labour  and  know- 
ledge. The  first  of  these  (p.  157)  is  a  Diagram  prepared  by  Mr.  Talbot 
Aveline,  to  represent  in  parallel  vertical  columns  the  order  and  dimen- 
sions of  the  Silurian  rocks  in  those  parts  of  England  and  Wales 
with  which  he  is  thoroughly  acquainted,  and  the  lines  of  which  he 
has  laid  down  with  so  much  ability  on  the  maps  of  the  Government 
Survey.  The  next  is  a  Table  of  the  Upper  Paleozoic  rocks  (pp.  432, 433), 
in  which  I  have  endeavoured  to  show  the  equivalents  of  the  Devonian, 
Carboniferous,  and  Permian  rocks  in  the  different  parts  of  Europe ;  and 
a  third  (pp.  472,  473)  is  a  general  tabular  view  of  the  North  American 
Paleozoic  rocks,  as  prepared  by  Professor  Bamsay  since  his  recent  visit 
to  Canada  and  the  United  States.  The  fourth  Table  is  very  elaborate 
and  detailed  (see  Appendix  A.)  ;  and  in  it  Mr.  Salter,  aided  by  Prof. 
Morris,  has  exhibited,  in  seven  separate  columns,  the  vertical  range 
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of  the  Geological  Survey  at  home,  and,  in  reference  to  such  rocks, 
have  passed  into  general  use  in  foreign  countries.  Eschewing,  however, 
all  controversy  upon  the  vexed  question  of  nomenclature,  on  which  my 
eminent  friend  and  myself  have  fully  explained  our  respective  views, 
I  would  simply  refer  to  the  Introductory  Chapter  for  a  brief  account 
of  the  publications  of  various  authors  relating  to  discoveries  in  the 
Silurian  region. 

I  cannot,  however,  close  this  Preface  without  reiterating  the  very  deep 
sense  I  entertain  of  the  valuable  assistance  I  received  during  my  earliest 
labours  from  my  excellent  and  kind  friend  the  late  Eev.  T.  T.  Lewis,  of 
Aymestry,  whose  acquaintance  with  the  true  order  of  the  rocks  in  the 
environs  of  Ludlow,  as  worked  out  by  himself,  was  most  serviceable  in 
enabling  me  to  establish  the  correct  order  of  the  Upper  Silurian  rocks, 
and  whose  death,  aUs !  I  have  to  deplore  whilst  I  write  these  lines. 

Lastly,  let  me  record  my  grateful  thanks  to  Mr.  T.  Bupert  Jones,  who 
vras  my  companion  in  my  last  visit  to  Oermany,  for  his  continuous  aid 
in  passing  this  volume  through  the  press ;  to  the  Bev.  W.  Symonds,  of 
Fendock,  near  Ledbury,  for  again  ably  compiling  the  Lidex  of  *  Siluria ' ; 
to  Professor  John  Morris,  who  accompanied  me  in  two  foreign  tours  in 
1853  and  1854 ;  and  to  various  other  kind  friends  whose  names  appear 
in  the  sequel. 
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266,  1.  6  from  bottom,  for  Turbo  undifer 

read  Cyclonema  undifera. . 
266,  1.  9  from  bottom,   after  Old  Bed 

Formations    insert    at    Kington, 

while  in  beds  a  little  higher  at 

Ludlow,  and  at  Kidderminster,  P. 
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Explanations,  PI.  Y.,  1.  6  from  bottom, 
for  Caradoc,  Llandeilo,  &c.  in 
Uandeilo  flags,  recul  Caradoc  sand- 
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CHAPTER  I. 

INTBODUCTION. 

A  OLAirCB  AT  THE  FBOBABLB  BABUSST  COlTDITIOll  OF  THX  XABTH.  — DIBIGK  OF  THIS 
WOBK.  —  OEIQTSAI.  BIXFBIAIV  BB8SABCHB8  AlTD  CLASSIFICATIOir.  —  THB  FUHDA- 
MSNTAL  AITD  PALEOZOIC  BOCKS  OF  BBITAIir. — BAITGB  OF  THB  PALEOZOIC  B0CX8 
THBOUGH  OTHBB  GOTTlfTBIBS. 

The  earliest  eondition  of  the  earth  is  necessarily  the  least  sus- 
ceptible of  investigation.  The  favourite  hypothesis  concerning  the 
primary  state  of  the  planet,  founded  on  astronomical  and  physical 
analogies,  is,  that  it  assumed  the  form  of  an  oblate  spheroid  from 
rotation  on  its  axis  when  in  a  fluid  state.  Reasoning  upon  this 
idea,  and  looking  to  the  structure  of  those  rocks  which  either  lie  at 
great  depths  or  have  been  extruded  from  beneath,  the  geologist  has 
inf^red  that  the  crystalline  masses,  including  granites,  which  issued 
out  from  below  all  other  rocks,  and  constitute  possibly  their  existing 
substratum,  were  at  one  time  in  a  molten  state.  The  theory  of  a 
central  heat,  at  first  sufficiently  intense  to  maintain  the  whole  ter- 
restrial mass  in  a  state  of  fusion,  but  subsequently  so  far  dissipated 
by  radiation  into  space,  as  to  allow  the  superficial  portion  to  become 
solid,  has  been  adopted  by  the  greater  number  of  philosophers  who 
have  grappled  with  the  difficult  problem  of  the  primal  state>  of  our 
planet.  Most  of  them  likewise  have  believed  that  all  the  great  out- 
bursts of  igneous  matter,  by  which  the  crust  has  been  penetrated 
and  its  surface  diversified,  were  merely  outward  signs  of  the  con- 
tinued internal  activity  of  the  primordial  heat,  now  much  repressed 

B 


Digitized  by  VjOOQIC 


2  SILUBIA.  [Chap.  I. 

by  the  accumulations  of  ages,  and  of  which  our  present  volcanos 
are  feeble  indications.  If,  then,  the  mathematician  has  correctly  ex- 
plained the  causes  of  the  shape  of  the  globe,  the  geologist  confirms 
his  views  when,  examining  into  the  nature  of  its  oldest  massive 
crystalline  rocks,  he  sees  in  them  clear  proo&  of  the  efiFects  of 
intense  heat.  This  original  crust  of  the  earth  was  subsequently, 
we  may  believe,  broken  up  by  intruded  masses,  issuing  partly  at 
least  in  a  melted  condition,  and  constituting  the  axes  and  centres 
of  former  mountain-chains  very  difiFerent  from  those  which  now 
exist.  Each  great  igneous  eruption  gave  out  substances  which 
became,  on  cooling,  solid  rocks ;  and,  when  raised  into  the  atmo- 
sphere, they  constituted  lands  afterwards  exposed  to  innumerable 
wasting  agencies;  thus  affording  materials  to  be  spread  out  as 
deposits  upon  the  shores  and  bed  of  the  ocean.  In  these  hypo- 
thetical views  concerning  the  production  of  the  earliest  sediments 
formed  under  water,  we  seem  to  reach  a  primary  source ;  and,  once 
admitting  that  large  superficial  areas  were  originally  occupied  by 
igneous  rocks,  we  have  in  them  a  basis  from  which  the  first  sedi- 
mentary materials  may  have  been  obtained. 

The  earlier  eruptions  having  necessarily  occasioned  elevations  at 
some  points  and  collapses  or  depressions  at  others,  such  changes 
of  outline,  aided  by  the  grinding  action  of  waves,  would  occasion 
the  formation  of  bands  of  sediment,  which,  adapting  themselves  to 
the  inequalities  of  the  surface,  must  have  been  of  unequal  dimen- 
sions in  different  parts  of  their  range.  In  this  way  we  may  imagine 
how,  by  a  repetition  of  the  processes  of  elevation  and  denudation, 
the  earliest  exterior  rugosities  of  the  earth  would  be  in  some  places 
increased,  while  in  others  they  would  be  placed  beyond  the  influence 
of  sedimentary  accumulation.  May  we  not  also  infer,  that  the 
numerous  molten  masses  of  great  dimensions  which  were  evolved 
from  the  interior  at  subsequent  periods  must  have  made  enormous 
additions  to  the  solid  crust  of  the  earth,  and  have  constituted  grand 
sources  for  the  augmentation  of  new  strata? 

Turning  from  the  igneous  rocks  to  crystalline  stratified  deposits, 
we  now  know  that  a  great  portion  of  the  micaceous  schists,  chloritic 
and  quartzose  rocks,  clay-slates,  and  limestones,  once  called  primary, 
are  really  of  later  origin.  Many  of  these  are  nothing  more  than 
subaqueous  sediments  of  various  epochs,  which  have  been  altered 
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and  cryBtaUized  at  periods  long  subsequent  to  their  accumulation. 
This  inference  has  been  deduced  firom  positive  observation.  A  rock, 
for  example,  has  been  tracked  from  the  districts  where  it  is  dystal- 
hne,  to  other  spots  where  the  mechanical  and  subaqueous  origin  of 
the  beds  is  obvious,  and  from  the  latter  to  localities  where  the  same 
stratum  is  wholly  unchanged  and  contains  organic  remains.  Trans- 
itions are  thus  seen  from  compact  quartz  rock,  in  which  the  grains 
of  silica  are  scarcdy  discoverable  even  with  a  lens,  to  strata  in 
which  the  sandy,  gritty,  and  pebbly  particles  bespeak  clearly  the 
original  accumulation  of  the  mass  under  water.  Eqidvalent  pass- 
ages occur  from  crystalline,  chloritic,  and  micaceous  schists  into 
those  day-slates  which  are  little  more  than  consolidated  mud,  and 
from  crystalline  marble  to  common  earthy  limestone,  in  which 
organic  remains  abound.  This  kind  of  metamorphosis  comprehends 
such  changes,  for  example,  as  those  by  which  ordinary  limestone 
has  been  converted  into  dolomite  and  sulphate  of  lime  or  gypsum,, 
also  shale  into  mica-schist,  as  seen  in  the  secondary  and  tertiary 
rocks  of  the  Alps^. 

Elementary  works,  indeed,  will  have  informed  the  student,  that 
such  mutations  of  the  original  sediment  have  been  generally  ac- 
counted for  by  the  supposed  influence  of  great  heat  proceeding 
from  the  interior  of  the  earth,  and  which  at  different  periods  had 
manifested  its  power  in  the  eruption  of  granite,  syenite,  porphjrry, 
greenstone,  basalt,  and  other  substances  formed  by  fusion.  Let  it, 
however,  be  understood,  that  the  prodigious  extent  to  which  the 
metamorphism  of  the  original  strata  has  been  carried  in  mountain- 
chains,  and  at  various  periods  through  all  formations,  though  often 
probably  connected  with  such  igneous  outbursts,  must  have  resulted 
bom  a  fru-  mightier  agency  than  that  which  was  productive  of  the 
mere  eruptions  of  molten  matter  or  igneous  rocks.  Many  of  the 
latter  are,  in  &ct,  but  partial  excrescences  in  the  vast  spread  of  the 
stratified  crjrstalline  rock8,-:-symptoms  only  of  the  grander  changes 
which  resulted  from  deep-seated  causes ;  probably  from  heat  and 
electricity  acting  upon  humid  deposits  with  a  powerful  intensity. 

Processes  now  going  on  in  nature  on  a  small  scale,  or  imitated 
artificially  by  man,  may  enable  us  to  comprehend  imperfectly  in 

*  See  Alps,  Apennines,  &c..  Quart.  Journ.  Geol.  Soc.  vol.  v.  p.  157  et  seq. 
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what  maimer  some  of  these  infinitely  grander  ancient  meta- 
morphoses were  effected ;  and  experimental  chemistry^  when  more 
extensively  applied  to  the  analysis  of  rocks^  will^  it  is  hoped^  some 
day  reveal  still  more  important  traths  in  this  very  obscure  point  in 
the  range  of  geological  phenomena. 

But  speculations  on  such  physical  operations  are  not  here  called 
for.  At  aU  events^  the  earliest  of  the  phenomena,  which  alone  have 
been  adverted  to  in  the  preceding  paragraphs,  or  the  first  formation 
of  the  known  crust  of  the  planet,  belongs  to  a  period  in  which  no 
definite  order — still  less  any  trace  of  life — ^has  been  deciphered  by 
human  labour^. 

The  design  of  this  work  is  much  more  attainable.  Its  aim  is  to 
mark  the  most  ancient  strata  in  which  the  proofs  of  sedimentary  or 
aqueous  action  are  still  visible, — to  note  the  geological  position  of 
those  beds  which  in  various  countries  offer  the  oldest  ascertained 
signs  of  life,  and  to  develope  the  succession  of  deposits,  where  not 
too  much  obscured  by  metamorphism,  that  belong  to  such  proto- 
zoic  zones.  In  thus  adhering  only  to  subjects  capable  of  being 
investigated,  it  will  be  seen  that  Greology,  modem  as  she  is  among 
the  sciences,  has  revealed  to  us,  that  during  immeasurable  periods, 
long  anterior  to  the  creation  of  the  human  race,  and  while  the 
surface  of  the  globe  was  passing  from  one  condition  to  another, 
whole  races  of  animals — all  the  groups  adapted  to  the  physical 
conditions  in  which  they  lived — ^were  successively  created,  lived 
their  appointed  time,  and  perished.  It  is  to  the  first  stages  only 
of  these  grand  accumulations,  and  to  the  creatures  entombed  in 
them,  that  attention  is  now  to  be  directed. 

The  convictions  at  which  I  have  arrived  being  the  result  of  many 
years  of  research,  I  have  been  induced  to  give  a  condensed,  and, 
as  far  as  practicable,  a  popular  view  of  the  oldest  sedimentary 
rocks  and  of  their  chief  oi^nic  remains,  and  thus  to  throw  into 
one  moderate-sized  volume  the  essence  of  my  lai^er  worksf. 

*  The  reader  who  desires  to  study  the  geolosical  periods,"  Quart.  Joum.  Geol. 

laws  by  which  the  superficial  tempera-  iSoc.  Lond.  vol.  viii.  p.  66. 

ture  of  the  earth  has  oeen  regulated  in  f  See  *  Silurian  System/  Murchison, 

the  immensely  long  subsequent  seolo-  1839 ;  and  '  Russia  in  Europe  and  the 

gical  periods,  will  find  them  well  ex-  Ural  Mountains,'    by   Murchison,   de 

plained  in  the  profound  essay  of  Mr.  Wil-  Vemeuil,  and  de  Keyserling ;  J.  Murray, 

liam  Hopkins  of  Cambridge,  "  On  the  London,  1845.     The  last  gives  a  view 

causes  or  changes  of  climate  at  different  of  all  geological  succession. 
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Geologists  are  now  pretty  generally  agreed,  that  the  oldest  well- 
defined  group  of  organic  remains  pertains  to  the  lower  division  of 
the  rocks  termed  "  Silurian^' ;  but  before  any  description  of  these 
ancient  deposits,  or  of  those  preceding  them,  is  given,  a  few  words 
are  required  in  explanation  of  the  researches  by  which  our  ac- 
quaintance with  the  earliest  vestiges  of  life  and  order  in  the  proto- 
zoic  world  has  been  attained. 

One  of  the  -chief  steps  which  led  to  the  present  general  paleo- 
zoic classification,  as  admitted  by  my  contemporaries,  was  the  esta- 
blishment of  the  ^'  Silurian  System^'  of  rocks  and  their  imbedded 
fossils.  Before  the  labours  which  terminated  in  the  publication  of 
the  work  so  named,  no  one  had  imravelled  the  detailed  sequence 
and  characteristic  fossils  of  any  strata  of  a  higher  antiquity  than 
the  Old  Bed  Sandstone ;  and  even  that  formation  was  only  known 
to  be  the  natural  base  of  the  Carboniferous  or  Mountain  Limestone, 
and  to  contain  a  few  fossil  fishes.  Not  only  were  the  relations  and 
contents  of  all  the  inferior  strata  undefined,  but  even  many  rocks 
which  are  now  known  to  be  younger  than  the  Silurian  were 
then  considered  to  be  of  the  most  remote  antiquity.  No  one  had 
then  surmised,  that  certain  hard  slates  with  fossiliferous  lime- 
stones and  sandstones,  which  have. since  been  termed  Devonian, 
were  equivalents  of  the  Old  Bed  Sandstone,  and  younger  than,  as 
well  as  distinct  from,  the  deposits  of  the  still  older  Silurian  era. 
On  the  contrary,  British  authorities  believed  (and  I  was  myself  so 
taught)  that  the  schistose  and  subcrystalline  rocks  of  Devonshire 
and  Cornwall  (most  of  which  are  now  proved  to  be  of  a  much  more 
modem  date)  were  about  the  most  ancient  of  the  vast  undigested 
heaps  of  greywacke.  In  short,  the  best  geologists*  of  my  early  days 
were  accustomed  to  look  upon  all  such  rocks  as  obscure  sedimentary 
masses,  in  and  bdow  which  no  succession  of  ^^  strata  as  identified 
by  their  fossils'*  could  be  detected.  The  result  of  research,  how- 
ever,  has  been  the  elimination  of  several  well-defined  formations,  all 
of  which,  in  Germany,  even  including  the  lower  carboniferous  strata, 
were  formerly  mei^ed  in  the  unmeaning  term  "  grauwacke/' 

Desirous  of  throwing  light  on  this  dark  subject,  I  consulted  my 

*  See  those  classical  works,  the  first  Mr.  Oreenough  (1819),  and  the  Geology 
Geological  Map  of  Enghind,  hy  W.  of  England  and  Wales,  by  the  Rev.  W, 
Smith  (1815),  the  subsequent  map  of    D.  Couybeare  and  W.  Phillips  (1822), 
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valued  friend  and  instructor^  the  late  Dr.  Buckland^  as  to^  the 
region  most  likely  to  afford  evidences  of  order^  and  by  his  advice  I 
first  explored^  in  1831,  the  banks  of  the  Wye  between  Hay  and 
Builth.  Discovering  in  that  year  a  considerable  tract  in  Hereford, 
Radnor,  and  Shropshire,  wherein  large  masses  of  grey-coloured 
strata  rise  out  from  beneath  the  Old  Bed  Sandstone,  and  contain 
fossils  differing  from  any  which  were  known  in  the  superior  depo- 
sits, 1  then  began  to  classify  these  rocks.  After  four  years  of  con- 
secutive labour,  during  which  I  received  much  valuable  assistance 
fix>m  the  Rev.  T.  Lewis,  of  Aymestry  *,  and  Dr.  Lloyd,  of  Ludlow,  and 
exhibiting  each  year  fossil  evidences  before  the  Geological,  Society 
to  prove  the  independence  and  succession  of  the  strata,  I  assigned 
to  them  (1835)  the  name  "  Silurian,*'  deriving  it  from  the  portion  of 
England  and  Wales  in  which  the  successive  formations  are  clearly 
displayed,  and  wherein  an  ancient  British  people,  the  Silures,  under 
their  king  Caradoc  (Caractacus),  had  opposed  a  long  and  valorous 
resistance  to  the  Romans.  Having  first,  in  the  year  1833,  sepa- 
rated these  depositsf  into  four  formations,  and  shown  that  each  is 
characterized  by  peculiar  organic  remains,  1  next  divided  them 
(1834,  1835)  into  a  lower  and  an  upper  group,  an  arrangement 
which  1  hoped  would  be  found  applicable  to  wide  regions  of  the 
earth.  After  seven  years  of  labour  in  the  field  and  closet,  the  proo& 
of  the  truth  of  those  views  were  more  fully  published  in  the  large 
work  entitled  the  '  Silurian  System*  (1888-9).  As  the  quarto  work 
is  not  in  general  circulation,  let  me  put  the  reader  in  possession  of 
some  of  the  leading  views  it  contains,  by  quoting  the  following 
passages,  in  which,  having  previously  described  the  overlying  depo- 
sits, the  lowest  of  which  is  the  Old  Red  Sandstone  (since  termed 
Devonian),  I  thus  usher  in  the  new  classification : — 

"  We  have  at  length  reached  [downwards  to]  those  older  deposits, 
which,  not  having  been  separated  into  formations  by  previous  writers, 
I  am  compelled  to  describe  under  new  terms. 

*  See  Preface.  Geological  Society,  and  hence  the  classi- 

t  For  the  first  tabular  view  of  these  fication  which  is  now  sustained  is  essen- 

four  formations,  the  lower  one  resting  tially  twenty-four  years  old.  It  had  even 

on  the  then  so-called  "  unfossiliferous  been  previously  stated  by  me  (in  1833) 

greywacke"  of  the  Longmynd,  see  Pro-  that  tne  lowest /ossi^bearing  formation 

ceedings  Geol.  Soc.  Lond.  vol.  ii.  p.  11,  then  known  to  me,  or  the  " black  trilobite 

Jan.  1834.  The  chief  characteristic  fossil  schists  and  flags  of  Llandeilo,  probably 

species  were  even  then  enumerated,  and  exceeded  in  thickness  any  of  the  superior 

specimens  placed  in  the  Museum  of  the  groups." — Proc.  Geol.  Soc.  vol.  i.  p.  476. 
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"  Actmg  upon  the  principle  whicli  guided  William  Smith  in  sub- 
diyiding  the  oolitic  system  of  our  island^  I  have  named  these  rocks 
finom  places  in  England  and  Wales  where  their  succession  and  age 
are  best  proved  by  order  of  superposition  and  imbedded  organic 
remains^  and  have  termed  them  in  descending  order^  the  '  Ludlow/ 
'Wenlock/  'Caradoc/  and  'Llandeilo^  formations.  The  9ame 
principle  has  led  me  to  use  the  general  termof  Silurian  System' for 
the  group;  to  mark  thereby  the  territory  in  which  the*  best  types 
and  the  clearest  relations  are  exhibited. 

''  Like  every  other  mass  of  strata  entided  to  the  name  of  System, 
the  Silurian,  though  clearly  recognizable  as  a  whole  over  extensive 
tracts,  cannot  always  be  subdivided  into  those  formations  which 
are  displayed  in  the  regions  where  I  shall  first  describe  it,  and 
where  its  types  are  fuUy  developed.  Thus,  for  example,  where  the 
subordinate  limestones  thin  out  and  disappear,  the  Ludlow  deposit 
can  seldom  be  clearly  separated  from  that  of  Wenlock.  In  such 
cases  both  these  formations  are  included  in  the  term  of  '  Upper 
Silurian  Bocks,'  and,  under  similar  circumstances,  the  Caradoc 
sandstones  and  Llandeilo  flags  in  that  of '  Lower  Silurian  Bocks.' 

''  Simple  as  this  classification  may  now  appear,  those  versed  in 
practical  geology  can  well  understand  what  must  have  been  the 
amount  of  examination  employed  in  its  perfect  establishment.  To 
comprehend  the  extent  of  the  break  in  the  history  of  the  older 
strata  which  has  been  fiUed  up  by  the  study  and  classification  of 
these  rocks,  the  student  hias  only  to  refer  to  the  tabular  view  I  have 
prepared,  and  compare  it  with  other  tables  firamed  upon  an  ante- 
cedent state  of  geological  knowledge.  He  will  then  perceive,  that 
what  is  here  presented  to  him  as  a  well-ordered  succession  of  great 
thickness  (each  subdivision  of  rocks  being  characterized  by  a  cor- 
responding suite  of  organic  remains^),  was  formerly  considered  one 
assemblage,  without  definite  sequence,  and  included  under  the  un- 
meaning names  of 'greywacke'  or  ^transition  limestone.'  I  have 
already  explained  that  the  latter  term  has  been  as  liberally  bestowed 
(chiefly,  however,  by  foreigners)  upon  the  carboniferous  limestone, 
firom  which  the  Silurian  rocks  are  separated  by  that  enormous 

*  These  organic  remains  were  laid  before  the  Geological  Society,  and  named, 
in  each  succeeding  Session  from  1831  to  1838,  when  the  large  work,  the  '  Silu- 
rian System/  was  completed. 
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accumulation,  the  Old  Bed  Sandstone ;  whilst  the  organic  remains 
of  both  these  systems  are  entirely  dissimilar  from  those  of  the 

carboniferous  era Let  us  now  proceed  to  consider  these 

Silurian  deposits  in  the  natural  order  in  which  they  appear  in  the 
south-west  of  Salop  and  adjacent  parts  of  Herefordshire/' 

During  my  early  researches  (1833),  it  was  shown  that  the  lowest 
of  these  fossil-bearing  strata  then  known  to  me,  including  the 
Llandeilo  Mags,  and  their  natural  base  the  Stiper  Stones,  which 
latter  were  even  then  classed  as  Silurian,  reposed,  in  the  west  of 
Shropshire,  on  a  very  thick  accumulation  of  still  older  sediment, 
constituting  the  Longmynd  mountain ;  and  the  strata  of  the  latter, 
not  then  offering  a  vestige  of  former  life,  were  at  first  termed  *  un- 
fossiliferous  greywacke '  *. 

As  in  examining  all  the  strata  of  England  and  Wales  from 
south-east  to  north-west  it  had  been  found  that  there  was  a 
regular  succession  from  younger  to  older  rocks,  so  at  the  time 
when  I  propounded  the  Silurian  classification  (1835)  it  was  the 
belief  of  all  geologists  f  who  had  examined  the  country,  that  the 
slaty  rocks  of  North  Wales  rose  up  from  beneath  my  Silurian 
types  of  Shropshire  and  of  the  counties  of  Montgomery,  Hereford, 
and  Radnor.  In  this  belief  I  coincided,  without  surveying  the 
north-western  tracts  of  Wales.  Hence  another  term,  or  that  of 
"  Cambrian,"  which  Professor  Sedgwick  proposed,  and  which,  ap- 
plied to  the  Longmynd  of  Shropshire,  was  in  the  year  1836,  or  a 
year  after  the  introduction  of  the  name  ^'  SUurian,''  also  applied 
to  rocks  of  North  Wales.  These  rocks  were  supposed  to  be  of 
older  date,  before  their  true  relations,  physical  and  zoological,  to 
the  recognized  Silurian  strata  of  Shropshire  had  been  ascertained. 
The  assumed  inferior  position  of  the  slaty  rocks  of  North  Wales 


*  The  Stiper  Stones  were  classed  by  f  See  all  the  early  geological  maps, 
me  in  1833  and  1834  as  the  base  of  and  even  the  last  edition  of  the  Map  of 
the  overlying  series,  which  was  termed  Greenough  (1839).  In  1838  also,  Pro- 
Silurian  as  early  as  1835.  See  Phil.  Mag.  fessor  John  Phillips  still  held  this  belief 
vol.  vii.  p.  46,  with  a  diagram  showing  as  well  as  myself  and  others,  and  save 
such  Silurian  rocks  reposing  on  '  un-  in  the  Penny  Cyclopaedia  (art.  Gao- 
fossiliferous  greywacke.^  The  Govern-  logy)  a  section  across  Britain,  in 
ment  Geological  Surveyors  have  de-  which  the  Snowdon  and  North  Welsh 
siffnated  as  Cambrian  only,  those  rocks  rocks  are  placed  below  the  Caradocand 
of  Wales  which,  like  my  original  type  Llandeilo  formations.  The  reader  is 
the  Longmynd,  underlie  all  the  strata  further  referred  to  the  Preface, 
wich  Silurian  fossils. 
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being  oonsideTed  a  fixed  pointy  it  was  naturally  thought  that  such 
formations,  the  fossils  of  which  were  then  undescribed,  would  be 
found  to  contain  a  set  of  organic  remains  differing  as  a  whole  fix>m 
those  of  the  classified  and  published  Silurian  system.  With  other 
geologists,  therefore,  I  waited  for  the  production  of  the  fossils  which 
might  typify  such  supposed  older  sediments;  for  in  obtaining  the 
knowledge  I  had  then  acquired,  by  working  down  firom  upper  strata 
whose  contents  were  known,  to  lower  and  previously  unknown  rocks, 
I  had  inyanably  found  that  the  inferior  masses  were  characterized 
by  distinct  oi^anisms.  This  principle,  which  had  been  first  esta- 
blished in  the  tertiary  and  secondary  deposits,  was  thus  proved  to 
be  universally  applicable,  by  the  occurrence  of  similar  distinctions 
in  the  Carboniferous,  Old  Red,  and  Silurian  rocks. 

It  was,  however,  in  vain  that  we  looked  to  the  production  of  a 
peculiar  type  of  life  firom  the  North  Welsh  slaty  rocks.  Professor 
Sedgwick's  collections  derived  from  that  region  had  long  remained 
packed  up  and  unexamined ;  but  as  soon  as  he  called  paleontologists 
to  their  inspection,  Silurian  fossils,  already  named  in  my  works, 
were  alone  found  in  them,  and  the  reason  has  since  become  manifest. 
The  labours  of  many  competent  observers  during  the  last  twenty 
years  have  proved  that  these  slaty  rocks  are  not  inferior  in  position, 
as  they  were  once  supposed  to  be  by  many  geologists,  to  the  Lower 
Silurian  strata  of  Shropshire  and  the  adjacent  parts  of  Montgo- 
meryshire, but  are  mere  extensions  of  the  same ;  and  hence  the 
boked-for  geological  and  zoological  distinctions  could  never  have 
been  realized.  In  the  following  chapters  it  will  be  shown  how 
Sharpe,  Be  la  Beche,  Ramsay,  E.  Forbes,  and  Salter,  with  several 
other  explorers,  have  demonstrated,  that  the  fossil-bearing  rocks 
of  North  Wales  are,  both  in  their  order  and  contents,  the  absolute 
equivalents  of  the  chief  mass  of  the  strata  long  previously  described 
and  named  by  me  '^  Lower  Silurian  ^'  in  Shropshire  and  Montgo- 
meryshire. The  above-named  authors  therefore  applied  and  used 
the  Silurian  nomenclature  in  all  their  works  relating  to  North 
Wales*,  including  in  the  group  the  Stiper  Stones,  in  which,  though 
in  my  early  researches  I  found  no  fossils,  Lingulse  have  been  since 
detected. 

*  See  also  Phillips,  on  the  Malvern  and  Abberley  Hills ;  Memoirs  Geol.  Siurv. 
Tol.  ii.pt.  1.  1848. 
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But  altlioiigh  in  1838^  when  my  large  work  was  really  com- 
pleted^^ I  still  held^  in  common  with  my  associates^  the  erroneous 
idea  of  the  in&a-Silurian  position  of  the  slaty  rocks  of  North  Wales, 
I  soon  saw  reason  to  abandon  that  view,  and  to  adopt  the  opinion 
which  I  have  maintained  for  the  last  eighteen  years.  I  ascertained, 
in  short,  that  in  Bohemia,  Scandinavia,  and  Russia,  the  chief  inferior 
zone  of  primeval  life  was  essentially  the  Lower  Silurian  of  Britain. 
Indeed  I  made  a  transverse  section  in  1842,  accompanied  by  my 
coadjutor  Keyserling,  north-westward  from  Shropshire,  and  was 
convinced  that  all  the  undulating  fossiliferous  rocks  of  North  Wales 
were  extensions  of  Silurian  types.  During  those  years  the  Grovem- 
ment  Geological  Surveyors  had  arrived  at  similar  results  through 
their  own  labours,  both  in  North  and  South  Wales.  In  the  latter 
country.  Professor  Ramsay  first  discovered  (1842)  that  to  the  north 
and  west  of  my  typical  position  of  Llandeilo,  true  Silurian  rocks, 
characterized  by  their  fossils,  folded  over,  and  occupied  a  wide 
region,  which,  without  examination,  I  had  erroneously  mapped  as 
of  Cambrian  or  older  date  (simply  because  it  lay  to  the  north- 
west). Thenceforward  Sir  H.  De  la  Beche  and  the  Surveyors 
naturally  coloured  as  Silurian  all  such  hitherto  undefined  tracts. 
(See  Map,  and  Section,  p.  79.) 

My  view  of  the  continental  equivalents  of  the  Silurian  rocks  of 
Britain,  which  I  worked  out  in  the  same  years,  having  been  pub- 
lished in  the  year  1842t^  was  adopted  generally  in  Europe  and 
America;  the  independent  researches  of  numerous  foreign  geolo- 
gists leading  tliem  to  the  same  conclusion. 

In  extending  my  own  researches  to  various  distant  lands,  I  had 
found  that  as  the  base  of  all  rocks  containing  well-defined  Silurian 
fossils,  in  Bohemia,  Scandinavia,  and  Russia,  was  clearly  defined, 
i^d  as  the  same  fact  was  annoimced  from  North  America,  it  was 
no  longer  difficult  to  describe  the  whole  organic  series  from  the 
first  traces  of  life,  and  thus  to  record  the  succession  of  ftniTnalft  from 
their  earliest  distinguishable  types.  In  a  word,  as  chroniclers  of 
lost  races,  de  Vemeuil,  von  Keyserling  and  myself  were  enabled,  in 

*  Although  1839  is  on  the  title-page,  t  Discourse  of  the  President  of  the 

extracts  from  printed  copies  of  the  work  Geological  Society  of  London,   1842; 

were  quoted  by  authors  in  1838  (see  Proceedings  Geol.  Soc.  Lond.  vol   iii. 

Lyell's  '  Elements  of  Geology '  of  that  p.  640  &c. 
year). 
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1845^  to  register^  in  our  '  Rujasia  and  the  Ural  Mountains/  the  forms 
of  ancient  creatures  apparently  from  their  dawn.  To  the  first  chap- 
ters of  that  work^  as  explanatory  of  views  which  are  here  reiterated^ 
the  reader  is  referred.  Then  it  was  that  positive  proofe,  derived 
from  a  vast  field  of  observation,  enabled  us  to  commence  the  geo- 
logical history  of  a  region  occupying  half  the  area  of  Europe,  with 
an  account  of  the  entombment  of  the  earliest  animals  recognizable 
in  the  crust  of  the  globe;  and  also  to  indicate  the  successive  con- 
ditions which  prevailed  upon  the  Bm&ce,  in  a  long  series  of  ages,  and 
during  the  many  changes  of  outline  which  preceded  the  present 
state  of  the  planet.  Looking  to  aU  the  records  of  former  life,  as 
exhibited  in  the  strata,  it  was  then  demonstrated,  firom  phenomena 
in  one  great  empire  alone  (as  had  to  a  great  extent  been  shown  in 
Britain),  that  during  the  formation  of  the  sediments  which  compose 
the  crust  of  the  earth,  the  animal  kingdom  had  been  at  least  three 
times  entirely  renovated ;  the  secondary  and  tertiary  periods  having 
each  been  as  clearly  characterized  by  a  distinct  fauna  as  the  primeval. 
In  the  work  on  Russia,  the  Ural  Mountains,  and  Scandinavia,  the 
sequence  was  thus  followed  out,  &om  the  most  ancient  fossil-bearing 
strata  to  the  latest  stages  in  the  geological  series. 

The  leading  object,  therefore,  of  this  work  is,  I  repeat,  to  bring 
out  the  '  Silurian  System,^  not  as  a  mere  abridgement  of  its  ori- 
ginal form ;  but  such  as  it  became  in  subsequent  years,  when  it 
obtained  the  highest  distinction  which  the  Royal  Society  bestows  *, 
and  what  it  has  since  proved  to  be,  with  the  additions  made  to  it  by 
numerous  geologists  at  home  and  in  foreign  countries,  as  well  as  by 
myself. 

In  the  present  volume  attention  is  chiefly  restricted  to  what  has 
proved  to  be  the  protozoic,  or  first  great  era  of  life.  The  plan, 
therefore,  pursued  will  be,  so  far,  similar  to  that  which  was  adopted 
in  the  earlier  chapters  of  the  work  on  Russia;  and  these  leaves  of 
geological  history  will  be  written  from  the  first  traces  we  have 
obtained  of  organic  remains, — a  plan  which,  for  want  of  know- 
ledge, was  impracticable  in  Britain  when  the  '  Silurian  System'  was 
issued  in  1838. 

Since  the  first  edition  of  this  work  was  published  in  1854,  and 
even  after  many  pages  in  the  following  chapters  were  printed,  an 
•  The  Copley  Medal  (1849). 
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important  addition  has  been  made  to  our  acqnaintanee  with  the 
relations  of  the  lowest  or  fundamental  unfossiliferous  rocks  of  the 
British  Isles^  to  which  it  is  necessary  at  once  to  allude.  The  oldest 
gneiss  of  Scotland^  particularly  on  the  west  coast  of  Sutherland 
and  Boss^  is  seen  to  be  unconformably  surmounted  by  mountain 
masses  of  conglomerate  and  sandstone^  which,  though  formerly 
mistaken  by  all  geologists  for  "  Old  Red  Sandstone,"  are  now  de- 
monstrated to  be  of  Cambrian  age,  since  they  are  transgressively 
overlaid  by  strata  of  quartz-rock  and  crystalline  limestone,  in 
which,  through  the  labours  of  Mr.  C.  Peach,  Silurian  organic  re- 
mains, belonging  to  what  may  be  called  the  lowest  part  of  the 
Llandeilo  formation,  have  been  found. 

In  the  lithograph  given  in  the  Frontispiece  an  attempt  has 
been  made,  to  represent,  by  colour  and  some  indications  of  the 
stratification*,  the  succession  of  these  rocks  as  seen  in  looking 
westward  from  Inchnadamff  on  Loch  Assynt  in  Sutherland.  The 
reader  may  be  informed  that  the  low  distant  hills  form  the  sea- 
coast,  and  consist  of  that  fundamental  gneiss  (a)  which  is  older 
than  any  rock  in  England  and  Wales ;  that  the  lofty  mountain  of 
Queenaig,  composed  of  horizontal  chocolate-coloured  sandstone 
and  conglomerate  {b),  is  of  the  same  age  as  the  Cambrian  rocks 
of  the  Longmynd  in  Shropshire,  and  Harlech  in  Wales,  that  lie 
beneath  the  whole  of  the  Silurian  strata  of  Wales  and  England ; 
whilst  the  overlying  sloping  masses  which  descend  into  the  fore- 
ground are  quartz-rocks  or  altered  sandstones  (c*  and  c^)  with 
included  crystalline  limestones  (c*),  which  (when  they  range  into 
Durness)  contain  about  twenty  species  of  Lower  Silurian  fossils. 

These  striking  features  are  further  illustrated  in  the  sequel  (pp. 
179,  195,  216,  and  Appendix  B.),  and  the  reader,  having  now  had 
his  notice  directed  to  them,  will  proceed  in  the  second  chapter  to 
the  consideration  of  the  oldest  known  rocks  of  the  original  Silu- 
rian region  of  England  and  Wales. 

After  a  short  sketch  of  the  earliest  zone  of  sediments  of  that 
region,  or  the  Cambrian  of  the  Maps  of  the  Geological  Survey  made 
under  Sir  H.  De  la  Beche,  in  which  feeble  traces  only  of  former  life 

*  In  this  sketch,  more  strength  is  lines  of  nature ;  and  the  young  lady  who 

given  to  the  relative  stratification  of  the  made  the  sketch  must  pflj*don  the  liberty 

masses  as  known  to  the  geological  ob-  which  has  been  taken  with  her  pictorial 

server,  than  can  be  observed  in  the  out-  delineation. 
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have  been  detected,  foil  deacriptioiis  will  be  given  of  the  Lower  and 
Upper  Silurian  rocks.  .To  the  first  of  these  many  pages  wiU  be 
devoted,  whilst  other  chapters  wiU  treat  exdnsively  either  of  the 
strata  which  unite  the  two  groups  (and  which  are  now  termed  Llan- 
dovery rocks),  or  of  the  upper  members  of  this  great  natural  series 
or  system.  Whilst  so  separated  for  purposes  of  classification,  it  wiU, 
however,  be  clearly  shown,  that,  through  their  organic  remains,  these 
deposits  comprehend  but  one  great  system  of  life.  Condensed  accounts 
will  then  follow  of  the  overlying  or  younger  paleozoic  groups  termed 
Devonian,  Carboniferous,  and  Permian ;  one  only  of  these  (the  Car- 
boniferous) constituting  what  may  be  called  a  system.  In  fact,  the 
Devonian  is  simply  an  intermediate  zone  between  the  Silurian  and 
Carboniferous  systems,  while  to  the  last  is  closely  linked  on  the 
Permian  deposit. 

The  Devonian  rocks  were  in  previous  years  known  only  as  the 
Old  Red  Sandstone,  a  name  which  has  become  classical  through 
the  writings  of  the  lamented  Hugh  Miller.  These  were  termed 
Devonian,  because  the  strata  of  that  age  in  Devonshire,  litholo- 
gically  very  unlike  the  Old  Red  Sandstone  of  Scotland,  Hereford, 
and  the  South  Welsh  counties,  contain  a  much  more  copious  and 
rich  fossil  &una,  and  were  shown  to  occupy  the  same  intermediate 
position  as  the  Old  Red  Sandstone,  between  th^  Silurian  and  Car- 
boniferous rocks.  At  that  time,  however,  none  of  the  fossil  fishes 
of  the  Scottish  or  English  Old  Bed  had  been  found  in  the  slateSf 
schists,  sandstones,  or  limestones  of  Devonshire,  or  the  Rhine,  and 
objections  might  therefore  have  been  raised  to  the  term  ''Devo- 
nian^' as  applied  to  the  Old  Red  deposits.  But  the  discovery  made 
in  Russia^,  of  the  same  species  of  Scottish  ichthyolites  being  there 
associated  with  forms  of  mollusca  foimd  in  Devonshire, — similar 
tests  being  afterwards  extended  to  Belgium  and  the  Rhenish  pro- 
vinces,— firmly  established  the  truth  of  the  comparison.  It  was  also 
shown  by  myself  that  the  uppermost  Silurian  rocks  of  Norway  (Chris- 
tiania)  are  surmounted  by  copious  masses  of  Old  Red  Sandstone  f. 

The  Carboniferous  rocks,  so  lai^ly  and  fully  developed  in  the 
British  Isles,  have  been  well  investigated  by  many  writers,  parti- 
cularly by  Professor  Phillips,  and  they  have  been  found  to  extend, 

*  See  Russia  in  Europe  and  the  Ural  Mountains,  vol.  i.  p.  13 ;  and  Quart. 
Mountains,  vol.  i.  p.  64.  Joum.  Geol.  Soc.  voL  i.  p.  469,  and 

t  Russia  jn  Europe  and  the  Ural     vol.  viii.  p.  182. 
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like  the  Silurian  and  Devonian^  over  iinmense  regions  in  all  quarters 
of  the  globe. 

The  great  primeval  or  paleozoic  series  is  now  known  to  terminate 
upwards,  in  Europe,  with  certain  deposits,  for  which,  in  the  year 
1841, 1  suggested  the  name  of  "  Permian/'  In  the  earlier  days  of 
geological  science  in  England,  this  group  was  classed  with  the  New 
Red  Sandstone,  of  which  it  was  supposed  to  form  the  base;  but 
extended  researches  have  shown,  fi*om  the  character  of  its  imbedded 
remains,  that  it  is  closely  united  with  the  Carboniferous  deposit 
below  it,  and  is  entirely  distinct  from  the  Trias,  or  New  Bed  Sand- 
stone, which,  overlying  it,  forms  the  base  of  all  the  secondary  rocks. 
The  chief  calcareous  member  of  this  Permian  group  was  termed  in 
Germany  the  ^^Zechstein,''  in  England  the ''  Magnesian  Limestone;'^ 
but,  as  magnesian  limestones  have  been  produced  at  many  different 
periods,  and  as  the  German  '^Zechstein'^  is  apart  only  of  agroup,  the 
other  members  of  which  are  known  as  "  Kupfer-Schiefer  *'  (copper- 
slate),  "Roth-todt-liegendes''  (the  "Lower  New  Red*'  of  Eii^glish 
geologists),  &c.,  it  was  manifest  that  a  single  name  for  the  whole 
was  much  needed.  After  showing  how  these  variously  named  strata 
constituted  one  natural  group  in  Germany  as  in  other  countries, 
I  proposed  to  my  fellow-labourers,  de  V ememl  and  von  Keyserling, 
that  the  vast  Russian  territory  of  Perm  should  furnish  the  reqxiired 
name*.  The  general  adoption  of  the  term  "Permian,"  both  at 
home  and  abroad,  is,  indeed,  the  best  proof  of  its  usefulness. 

In  the  opening  chapter  on  the  geology  of  Russia,  a  general  view 
of  this  paleozoic  classification  was  given,  as  applied  to  Germany, 
France,  Belgium,  and  North  America ;  and  in  all  of  these  countries, 
as  well  as  in  Russia,  it  was  shown,  that  a  similar  ascending  order 
prevailed,  from  a  base-line  of  recognizable  Silurian  life,  through 
Devonian  and  Carboniferous  deposits.  In  the  thirteen  years  which 
have  elapsed  since  the  issue  of  that  work,  considerable  additions 
have  been  made  to  our  knowledge,  and  all  of  them  sustain  the 
truth  of  the  generalization.  We  then  scarcely  knew  of  the  existence 
of  true  Silurian  deposits  in  Germany,  nearly  all  the  greywacke  of 
the  Rhenish  provinces  and  the  Harz  having  been  assigned  to  the 
Devonian  series ;  but  since  the  opening  out  of  the  rich  Silurian 

*  See  my  letter  to  Dr.  Fischer,  Moscow,  Oct.  1841,  printed  in  Leonhard's  N. 
Jabrb.,  and  in  Phil.  Mag.  vol.  xix.  p.  419. 
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basin  of  Bohemia,  which^  in  the  skilful  hands  of  M.  Barrande^  has 
become  the  paleozoic  centre  of  the  continent^  Thnringia  and  Saxony 
have  been  also  found  to  contain  Silurian  rocks. 

In  Spain^  several  mountain-chains  have  been  shown  by  M.  de 
Vemeuil  and  M.  Casiano  de  Prado  to  consist  of  Silurian,  followed 
by  Deronian  and  Carboniferous  rocks;  whilst^  in  Portugal,  Mr. 
D.  Sharpe  has  described  the  first  and  last  of  these  groups.  Again, 
Sardinia,  under  the  scrutiny  of  General  A.  della  Marmora,  has 
exhibited  its  Silurian  and  superjacent  coal  deposits.  As  Devonian 
and  Carboniferous  strata  overlie  older  rocks  in  North  and  possibly 
in  South  Africa^,  there  are  indeed  already  fair  grounds  for  believing 
that  an  order  similar  to  that  of  Europe  pervades  the  ancient  encircling 
mountains  of  that  vast  continent. 

In  Siberia,  the  chief  mineral  features  of  which  are  described  by 
Humboldt  and  Rose,  my  colleagues  and  myself  have  explained  how 
the  Silurian  rocks  of  the  Ural  chain  are  succeeded  by  younger 
paleozoic  deposits ;  and  Pierre  de  Tchihatcheff  has  indicated  a  great 
extension  of  similar  formations  over  large  tracts  of  Southern  Siberia 
and  in  the  Altai  Mountains ;  whilst  to  the  north-east,  Ado]f  Erman 
has  traced  such  rocks  even  to  the  Sea  of  Ochotsk. 

In  the  giant  Himalaya,  where,  a  few  years  since,  no  systematic 
labours  had  been  devoted  to  the  older  strata,  we  now  know  that 
Silurian  rocks,  covered  by  secondary  or  mesozoic  deposits,  exist  in 
those  the  highest  mountains  of  the  world;  and  that  the  Upper 
Punjaub  of  Hindostan  contains  a  limestone  charged  with  well-known 
carboniferous  fossils,  reposing,  as  in  England,  upon  a  red  sandstonef. 
It  is  also  certain  that  the  mountain-chains  of  China  are  composed, 
to  a  great  extent,  of  these  older  rocks;  for  M.  C.  Skatschkof, 
Director  of  the  Russian  Observatory  at  Pekin,  who  is  preparing  an 

*  For  North  Africa,  see  Coquand,  Paul  di  Laonda  (lat.  \0^),  there  are 

Bull,  de  la  Soc.  G^l.  de  France,  2  s^rie,  stronff  beds  of  coal  and  iron-stone  on 

vol.  iv.  p.  1188.     Some  of  the  fossils  the  affluents  of  the  Zambesi,  and  to  the 

coUected    by    the    lamented    traveller  north-west  of  the   Portuguese  setUe- 

Overw^,  in  his  journey  southwards,  ment  of  Tete. 

are  also  Devonian.    For  South  Africa,  t  The  Himalayan  data  are  given  by 

the  reader  may  consult  a  Memoir  by  Capt.  R.  Strachey ;  those  of  the  Upper 

Mr.  Bain,  published  in  the  Trans.  Geol.  Punjaub,  by  Dr.  A.  Fleming  (Quart. 

Soc.  Lond.  vol.  vii.  1856.   According  to  Joum.  Geol.  Soc.  vol.  vii.  p.  292,  and 

my  distinguished  friend  Dr.  Livingstone,  vol.  ix.  p.  189)  and  by  Mr.  Theobald 

the  only  European  who  has  traversed  (Joum.  Bengal  Asiatic  Society,  1854, 

and  retraversed  South  Africa  in  such  p.  651  &c.). 
latitudes,  coming  out  in  the  west  at  St. 
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account  of  the  rich  coal-fields  (partially  described  by  his  country- 
man Kovanko)  near  that  city^  has  in  a  recent  visit  to  London  recog- 
nized, in  the  Jermyn  Street  Museum,  certain  Silurian  Graptolites 
and  Orthoceratites,  Devonian  Spirifers,  and  Carboniferous  Producti, 
as  being  all  forms  which  he  had  seen  in  the  rocks  around  the 
Chinese  metropolis.  A  large  collection  of  these  fossils  will  be  soon 
brought  by  M.  Vasilefsky  to  St.  Petersburg.  Again,  Devonian  fossils 
of  the  very  same  species  as  those  of  England  and  the  Continent  have 
recently  been  given  to  me  by  Mr.  W.  Lockhart*,  some  from  the 
interior  province  of  Szechuan,  and  others  from  Kwangsi.  Other 
fossils,  identified  by  de  Koninck  as  Devonian  forms,  were  brought 
by  M.  Itier  from  the  Yuennan  province,  one  hundred  leagues  north 
of  Canton  f. 

In  Australia,  where,  a  very  short  time  since,  reference  could  be 
made  only  to  rocks  of  the  Carboniferous  and  Devonian  age  J,  we 
hear  of  many  Silurian  fossils  both  in  New  South  Wales  and  in 
Victoria§  like  those  of  the  British  Isles  ||.  In  Victoria,  indeed, 
upwards  of  sixty  species  of  Lower  Silurian  fossils  have  already 
been  recognized  in  those  slaty  rocks  which  bear  the  chief  auriferous 
quartz  veins. 

In  South  America,  the  lofty  Cordilleras  and  plateaux,  whose 
mineral  characters  had  been  so  admirably  described  by  Humboldt,' 
were  shown  by  Alcide  d^Orbigny  to  consist  in  great  part  of  such 
ancient  sediments.  Still  more  clearly  has  North  America  been 
found  to  contain  a  vast  succession  of  these  paleozoic  rocks,  and 
especially  of  their  lower  members.  Numerous  geologists  of  the 
United  States  have  demonstrated,  that  their  ancient  strata  followed 

•  Sec  Proceedings  of  Roy.  Geogra-  1847 ;  Lonsdale,  Descrip.  of  the  Corals, 

phical  Soc.,  President's  Address,  1858,  MSS.,  sent  to  me  whilst  this  edition 

▼ol.  ii.  p.  306.  was  in  preparation. 

t  Sec  a  descri]}tion  of  the  Chinese         §  The  numerous  fossils  found  in  the 

coal-field  near  Pekin,  bv  Kovanko,  Ann.  Victoria  Colonv  are  considered  by  Mr. 

des  Mines  de  Russie,  An.  1838,  p.  191.  Selwyn,  the  able  Government  Surveyor, 

No  geologist  can  peruse  Mr.  Fortune's  to  be  either  of  Lower  Silurian  age,  or 

lively  description  of  the  Bohea  Moun-  belonging  to  the  zone  which  1  now  term 

tains  without  supposing   that  a  fine  Llandovery  Rocks  (Edinb.  New  Phil, 

primeval  succession  may  there  be  found.  Joum.  n.  s.  i.  p.  1 7 1 ;  and  Quart.  Joum. 

For  the  Chinese  Devonian  fossils,  see  Geol.  Soc.  vol.  xiv.  p.  533). 
Davidson,  Quart.  Joum.  Geol.  Soc.  vol.         ||  Memoir  by  the  Rev.  W.  B.  Clarke, 

ix.  p.  353 ;  and  de  Koninck,  Bull.  Acad.  Quart.  Joum.  Geol.  SocLond.  vol.viii.; 

Roy.  Sc.  Belg.  vol.  xiii.  pt.  2.  p.  415.  see  aUo  his  collections  sent  to  England, 

f  See  Strzelecki's  '  Australia/^Foss.  and  those  at  the  public  Museum  of 

Fauna,  Morris ;  M'Coy,  Ann.  Nat.  Hist.  Sydney. 
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the  same  order  on  a  very  grand  and,  in  the  western  region,  on  an 
unbroken  scale;  doubtless  due  to  their  having  been  exempted  in 
those  tracts  from  the  intrusion  of  igneous  rocks.  Spread  out  in 
enormous  sheets  over  the  southern  districts  of  Upper  Canada,  the 
strata  paralleled  with  the  Lower  Silurian  by  Logan  and  the  American 
geologi^ts^  are  there  based  on  unfossiliferous  slates,  limestones,  and 
sandstones,  termed  "  Huroniaii,''  which,  in  their  turn,  repose  on  the 
crystalline  rocks  named  '^  Laurentian ;  **  thus  showing  that  America 
offers  the  same  primeval  succession  as  Britain.  (See  ante,  p.  12, 
and  Frontispiece.) 

The  voyages  of  our  bold  Arctic  navigators  and  traveUersin  search 
of  the  lamented  Franklin  have  led  to  the  discovery  of  many  well- 
known  Upper  Silurian,  Devonian,  and  Carboniferous  fossils  in  lime- 
stones amid  the  polar  ices;  whilst  adjacent  to  the  southern  end  of 
America,  fossil  remains,  certainly  of  Lower  Devonian  date,  have 
been  collected  by  Darwin  in  the  Falkland  Islands. 

In  few  of  those  regions,  however,  with  the  exception  of  North 
America  (certainly  not  in  the  British  Isles,  where  the  strata  are  in 
many  parts  much  obscured  by  igneous  outbursts),  is  the  order  so 
undisturbed  as  in  Scandinavia  and  European  Russia.  There,  the 
successive  primeval  deposits  extend  over  a  large  portion  of  the  earth 
in  regular  sequence,  and  in  an  unaltered  state.  Hence,  though  to 
the  unskilled  eye  Russia  presents  cfnly  monotonous  undulations, 
chiefly  covered  by  mud,  sand,  and  erratic  blocks,  its  framework 
exhibits  a  dear  ascending  series.  The  older  sedimentary  strata, 
deviating  but  slightly  from  horizontality,  are  overlaid  by  widely 
diffiised  masses  of  those  Permian  rocks  which  constitute  the  true 
termination  of  the  long  paleozoic  period. 

The  following  pages,  as  before  said,  will  be  chiefly  devoted  to  those 
stages  of  the  primeval  formations  which  are  truly  fossUiferous — 
the  Silurian.  They  will  be  illustrated  by  woodcuts  representing 
the  most  important  organic  remains,  and  certain  pictorial  scenes, 
as  well  as  sections,  chiefly  taken  from  my  former  works.  Faith- 
fid  transfers  from  the  original  plates  of  the  '  Silurian  System '  will 

*  See  particnlarly  the  works  of  Jmmes  from  the  works  of  the  United  States* 

Han  and  Dale  Owen ;  the  Reports  and  geologists,  and  the  recent  general  map 

maps  of  Logan,  the  chief  geologist  of  of  North  America  by  Marcou.    See  also 

Canada ;  the  maps  of  Lyell,  as  compiled  the  table  by  Ramsay,  p.  472. 
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also  be  given,  in  a  re-arranged  form,  with  the  modem  nomen- 
clature of  the  fossils,  and  with  the  addition,  on  this  occasion,  of  the 
Corals,  so  admirably  described  by  my  valued  Mend  and  coadjutor 
Mr.  W.  Lonsdale*. 

Were  the  next  three  paleozoic  groups  to  be  equally  elucidated, 
this  work  would  be  expanded  far  beyond  the  limits  to  which.I  must 
restrict  it.  The  younger  paleozoic,  or  the  Devonian,  Carboniferous, 
.  and  Permian,  deposits,  will  therefore  be  only  so  far  dwelt  upon  as 
may  be  sufficient  to  give  the  student  a  general  view,  and  stimulate 
him  to  acquire  a  fuller  acquaintance  with  them  by  consulting  the 
various  works  wherein  they  are  circumstantially  described.  But 
even  the  sketch  of  them  in  this  volume  will,  it  is  hoped,  suffice  to 
show,  that  while  the  contiguous  strata  of  two  natural  groups  are 
intimately  linked  together  by  containing  species  which  are  common 
to  both,  the  principal  fossils  of  each  are  certainly  peculiar. 

Although  few  of  the  mineral  changes  of  the  strata  can  be  alluded 
to,  an  endeavour  will  be  made,  in  the  nineteenth  chapter,  to  show 
that  gold,  however  it  may  now  be  spread  over  the  surface,  has  been 
introduced  in  abundance  into  the  older  deposits  only,  and  chiefly  into 
those  of  Lower  Silurian  date,  or  has  accompanied  certain  associated 
eruptive  rocks. 

Lastly,  it  is  to  be  observed,  that  as  the  true  succession  of  the 
chief  masses  of  the  earlier  fossiliferous  strata  was  first  detected  in 
England  and  Wales,  so  the  geological  descriptions  in  this  volume 
will  be  principally  derived  from  our  typical  insular  examples.  At 
the  same  time,  a  general  comparison  will  be  instituted  with  the 
contemporaneous  rocks  in  different  quarters  of  the  globe. 

The  importance  of  having,  through  patient  surveys,  mastered  the 
obscurities  which  clouded  the  history  of  the  earlier  periods  of 
organic  life,  will  thus,  it  is  hoped,  be  rendered  obvious,  in  showing 
that  we  have  now  obtained  as  correct  an  insight  into  the  primeval 
fossil-bearing  formations  as  we  had  previously  acquired  of  the 
nature  and  history  of  the  younger  deposits. 

*  The  lurge  plates  of  Corals  (PL  38  lithographic  stones  had  been  destroyed, 

to  41),  ^bich  are  now  reproduced  from  I  much  regret  (this  chapter  being  the  last 

the  orinnal  *  Silurian  System/  did  not  printed)  that  no  reference  could  oe  made 

appear  m  the  first  edition  of  this  work,  to  them  when  the  body  of  the  work 

it  being  erroneously  supposed  that  the  passed  through  the  press.  (See  Preface.) 
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CHAPTER  II. 

BASE  OF  THB  SILUBIAJf  BOCKS,  AKD  EABLIEST  SIGNS  OF 
FOBMEB  LIFE. 

OVTUNBS,  BTBUCTITBI,  AXD  OSDXB  OF  THI  OLDXB  BOCXB. — ^XABLIBST  OBTBTALUKB 
BOGXB. — THE  LOWEST  KKOWIT  SEDTMXSTXBY  OS  CAMBKIAK  DSP06ITB  A7FOBD  TEST 
RASE  TRACES  OITLT  OF  FORMER  LIFE.— ORDER  OF  CONFORMABLE  BUCCESBIOV  UF- 
WARD  TO  THE  SOKE  IN  WHICH  WELL-CHARAOTERIZBD  FOSSIL  REMAINS  OCCUR, — 
SLATY  CLBAYAOE. — ^MBTAMORFHIC  ROCKS. 

The  moet  ancient  rocks  in  which  fossil  animals  have  been  detected 
vary  much  in  structure  and  outline  in  different  r^ons.  Wherever 
such  masses  have  remained  in  a  state  of  comparative  quiescence, 
from  the  period  when  they  were  raised  up  from  beneath  a  primeval 
ocean,  and  have  since  been  modified  to  a  slight  extent  only,  they  are 
necessarily  unlike  those  strata  which,  though  formed  at  the  same 
period  and  even  composed  of  similar  materials,  have  been  penetrated 
by  igneous  matter,  or  subjected  to  alteration  through  the  action  of 
mechanical  pressure,  heat,  and  other  agencies. 

In  Russia  ^,  where  some  of  the  older  deposits  have  been  but  par- 
tially hardened  since  they  were  accumulated  at  the  bottom  of  the 
sea,  and  have  been  elevated  into  merely  low  plateaux  that  have 
undei^ne  no  great  change  or  disruption,  they  have  scarcely  a  re- 
semblance to  any  rocks  of  the  same  age  in  other  countries.  When, 
however,  we  follow  these  soft  primeval  strata  to  the  Ural  chain,  a 
region  abounding  in  eruptive  rocks,  we  find  that  the  beds,  which  on 
the  west  consist  of  mud  and  sand,  have  there  been  converted  into 
crystalline  schists,  limestone  in  the  state  of  marble,  and  auriferous 
quartzites.  In  Britain,  no  more  striking  examples  of  these  changes 
of  physical  conditions  can  be  seen  than  in  the  territory  whose  geo- 
logical structure  is  explained  in  this  work  and  the  accompanying  map. 
Throughout  that  portion  of  the  region  (Shropshire  and  Hereford- 
shire) which  afforded  the  types  for  the  Silurian  classification,  the 
strata  consist  of  shale,  sandstone,  and  limestone,  which,  though 
much  more  consolidated  than  their  equivalents  in  European  Russia, 

'^  Russia  and  the  Ural  Mountains,  by  Muzcfaison,  de  Yerneuil,  and  von  Keyser- 
ling,  vol.  i.  p.  26*. 
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have  been  wholly  unaffected  by  that  influence  which  has  impressed 
upon  the  very  same  beds^  when  followed  into  Wales^  a  true  slaty 
cleavage.  Or,  if  we  trace  those  slates  of  North  Wales  across  the 
Menai  Straits^  we  find  that  they  have  undergone  another  change^ 
and  have  become  crystalline  and  metamorphosed  into  a  different 
condition.  So  again  uql  the  United  States  and  British  North  Ame- 
rica^ strata  formed  during  the  earlier  periods  are,  throughout  ex- 
tensive regions,  composed  of  ordinary  sandstone,  slate,  and  lime- 
stone ;  but  when  pursued  eastwards  across  the  undulations  of  the 
Appalachian  chain  and  to  the  eruptive  rocks  of  the  sea-board,  or 
westwards  to  the  Rocky  Mountains,  these  sediments  are  found  to 
have  been  converted  into  masses  more  or  less  crystalline. 

This  is  the  change  which  geologists  call  metamorphism^  a  trans- 
mutation which  is  generally  believed  to  have  been  produced  by  great 
internal  heat  acting  upon  deposits  subjected  to  the  pressure  of  a 
former  ocean. 

It  will  presently  be  shown^  that  the  comparatively  low  hills  of 
Shropshire  and  Herefordshire,  and  the  adjacent  tracts  of  Wales, 
present  to  the  student,  in  an  intelligible  manner^  a  succession  of 
imaltered  strata,  which  has  been  with  much  difficulty  deciphered 
amidst  the  hard^  rugged,  metamorphic,  and  crystalline  formations 
of  the  same  age  in  North  Wales ; — even  when  most  of  the  ob- 
scurities have  been  removed  by  the  labours  of  the  eminent  persons 
who,  from  Professor  Sedgwick  downwards^  have  toiled  in  the  ardu- 
ous task  of  bringing  the  geology  of  that  region  into  order  *. 

In  Russia,  the  Silurian  rocks  form  either  wide  level  plains  or  low 
plateaux;  whilst  in  other  countries,  where  they  have  been  heaved  up 
into  mountains,  they  have  a  roimded  outline,  especially  where  they 
consist  of  schists,  originally  composed  of  mud^  the  fine  grains  of 
which  have  given  rise  to  equable  atmospheric  attrition.  When,  on 
the  contrary,  the  shale  and  schist  have  been  changed  into  hard 
slates,  the  sandstone  into  quartz  rock^  or  the  earthy  limestone  into 
crystalline  marble,  and  particularly  if  the  beds  be  highly  inclined 
and  penetrated  by  igneous  rocks^  then  sharp  peaks  or  abrupt  clifis 
and  gorges  are  dominant.  Thus  it  is,  that  the  same  ancient  strata 
of  different  regions  put  on  so  many  different  external  forms.     In 

*  For  the  works  published  on  this  subject  in  Britain,  and  the  order  in  which 
they  appeared,  see  Appendix  A. 
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South  Britain  thejr  are,  necessarily,  most  varied  in  districts  which, 
like  those  of  North  Wales  and  Cumberiand,  have  had  their  outlines 
diyersified  by  the  intrusion  of  igneous  rocks. 

Observation  has  now  taught  us  of  what  materials  the  fundamental 
rocks  of  different  countries  consist.  In  Scandinavia,  for  example, 
as  in  parts  of  North  America,  the  masses  beneath  all  those  forma- 
tions in  whidi  there  are  the  slightest  vestiges  of  Silurian  life  are 
primary  rocks,  including  granitic  gneiss,  mica-schist,  as  well  as 
metalliferous  schists  and  quartiose  crystalline  masses.  In  Bohemia, 
however,  as  in  Great  Britain  and  portions  of  North  America''^,  the 
lowest  zone  containing  distinct  fossil  remains  is  underiaid  by  very 
thick  basements  of  earlier  sedimentary  accumulations,  whether 
sandstone,  schist,  or  slate,  which,  though  occasionally  not  more 
cfystalline  than  the  fossiliferous  beds  above  them,  have  as  yet 
afforded  the  rarest  indications  only  of  former  beings  in  Britain,  and 
none  in  other  countries. 

This  is  the  important  hd  to  which  attention  is  first  directed; 
f(»r  in  such  instances  the  geologist  appeals  to  strata  which  have 
undergone  no  alteration.  In  this  enormous  pile  or  series  of  early 
subaqueous  sediment,  composed  of  mud,  sand,  or  pebbles,  the  suc- 
cessive bottoms  or  shores  of  a  former  sea,  all  of  which  had  been 
derived  from  pre-existing  rocks,  he  has  been  tmable,  after  many 
years  of  research,  to  detect  more  than  the  feeblest  traces  of  former 
creatures.  But  lying  upon  them,  and  therefore  evolved  after  them, 
other  strata  succeed,  in  which  a  certain  number  of  clear  relics  of  a 
primeval  ocean  are  discernible ;  whilst  these  again  are  eveiywhere 
succeeded  by  deposits  containing  many  organic  remains.  In  this 
way,  evidences  have  been  fiedrly  obtained  to  show,  that  the  sediments 
which  underlie  the  strata  containing  the  oldest  clearly  manifested 

^  In  North  Americaihis  formation  may  tiah  frontier,  andof  Engelmann  on  Texas, 
aa  yet  be  truly  termed  azoic ;  for  along  and  pladne  them  in  rektion  to  the  works 
the  western  portion  of  Lake  Superior,  of  James  Hall  and  Dale  Owen,  it  would 
and  in  the  country  extenduig  south-  appear  that  in  those  regions  there  exists 
wards  into  the  State  of  Michigan,  rocks  a  vast  formation  of  strata,  in  parts  me- 
of  this  class  rise  from  beneath  the  Pots-  tamorphic,  of  siliceous  sandstones  and 
Awtn  sandstone,  or  lowest  formation  in  chloriticandquartzose  schists,  character- 
which  Silurian  fossils  are  known.  Judg-  ized  by  the  absence  of  organic  remains, 
ingfromthepoblicationsof  theAmerican  and  the  presence  of  a  great  abundance  of 
authors  Foster  and  Whitney  on  the  azoic  iron  ore.  This  is  the  Huronian  or  Cam- 
rocks  of  Lake  Superior,  of  King  on  the  brian  System  of  Sir  William  Logan,  chief 
State  of  Ifissonri,  of  Logan  on  the  Bri-  geologist  of  Canada. 

c2 
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fossil  remains  constitate^  in  all  countries  which  have  been  examined, 
the  natural  base  of  the  deposits  termed  Silurian. 

The  hypothesis  that  all  the  earliest  sediments  have  been  so  altered 
as  to  have  obliterated  the  traces  of  any  relics  of  former  life  which 
may  have  been  entombed  in  them,  is  therefore  opposed  by  examples 
of  enormously  thick  and  often  finely  levigated  deposits  beneath  the 
lowest  fossiliferous  rocks,  and  in  which,  if  many  animal  remains  had 
ever  existed,  more  traces  of  them  would  be  detected. 

Very  few  words  need  here  be  said  of  those  crystalline  masses 
which  in  numerous  regions  have  been  the  nuclei  out  of  whose 
materials  the  oldest  recognizable  sediments  have  been  composed. 
Passing  over  the  consideration  of  the  most  ancient  granites,  por- 
phyries, and  other  igneous  rocks,  there  are  doubtless  also  strata, 
now  in  a  crystalline  state,  which  either  lie  under  or  have  been  raised 
from  beneath  all  deposits  of  mechanical  and  subaqueous  origin. 

Such  rocks  may  have  been  formed  at  a  period  when  the  heat  of 
the  chist  of  the  earth  was  antagonistic  to  the  existence  of  living 
beings.  At  all  events,  they  often  constitute  the  axes  or  backbones 
of  continents,  and  upon  the  sides  of  these  the  oldest  sedimentary 
formations  have  been  deposited.  There  are,  however,  other  crystal- 
line strata,  that  have,  until  very  recently,  been  also  placed  in  this 
category,  but  in  which  traces  of  organic  remains  have  been  found. 
To  these  allusion  may  be  made  in  the  sequel,  when  we  shall  have  to 
indicate  the  metamorphism  of  formations  of  younger  date.  The 
present  work  is  chiefly  intended  as  a  sketch  of  the  successive  accu- 
mulation of  those  sedimentary  strata  in  which  the  remains  of  the 
earliest  known  animals  are  entombed ;  the  physical  conditions  which 
accompanied  the  formation  of  such  deposits  being  duly  noted. 

Now,  in  some  regions  where  the  oldest  of  these  deposits  have 
been  exempted  from  such  change  or  metamorphism,  we  observe, 
I  repeat,  that  the  lowest  portions,  thus  accumulated,  are  almost  void 
of  traces  of  life.  Proceeding  in  our  researches,  we  find  that  the 
most  ancient  grits  and  schists  recognized  by  geologists,  deposited 
by  water  from  the  waste  of  previous  rocks,  are  succeeded  regu- 
larly, and  without  disorder,  by  other  strata,  scarcely  at  all  diflFering 
from  the  former  in  composition,  in  which,  at  various  points  of  the 
surface  of  the  globe,  and  at  the  same  level  or  horizon,  we  obtain 
much  more  distinct  proofs  of  animal  relics.     Once  introduced  to 
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these  primordial  creatures^  the  inquirer  into  the  operations  of  nature 
meets  thenceforward  with  a  neyer-fidling  storehouse  of  oi^anie  re- 
mains in  all  the  formations  which  were  afterwards  successively  accu- 
mulated. The  accompanying  diagram  explains  at  a  glance  this 
generalization,  as  established  by  an  appeal  to  the  structure  of  every 
well-explored  country  whose  rocks  exhibit  the  first  terms  in  this 
long  series. 


Obksbal  Obdbb  or  thb  FaimYAi.  Rocks. 


X         ^  I  2*  284  6 

GneiBs,  &c.  jr ;  granite,  x. 

The  strata  marked  ^'1^'  are  the  older  deposits  which  have  been 
formed  out  of  the  pre-existing  rocks  of  gneiss,  ancient  slates,  &c.  (y), 
or  granite  (x).  In  No.  1  (the  Cambrian  of  the  British  Geological 
Surveyors),  the  feeblest  indications  only  of  former  life  have  been 
detected ;  whilst  the  overlying  accumulations,  2%  2,  8,  4,  5,  stand 
for  the  principal  formations  into  which  the  Silurian  or  earliest  pri- 
meval system  of  clearly  defined  fossil  animals  is  divided* 

In  the  mean  time,  let  us  recollect,  that  in  Bohemia,  as  well  as  in 
North  America,  there  are  crystalline  rocks,  which,  from  their  under- 
lying position,  as  given  in  this  little  diagram  (y),  are  known  to  be 
of  higher  antiquity  than  our  British  fimdamental  sedimentary  rock, 
or  No.  1  of  the  section. 

But  although  there  are  countries,  both  in  Europe  and  America, 
containing  primary  crystalline  rocks,  which,  like  the  masses  x,  y  of 
the  preceding  diagram,  are  seen  to  be  of  hjgher  antiquity  than  the 
unaltered  sediments  overlying  them,  yet  in  no  part  of  England  and 
Wales  have  any  rocks  been  proved  to  be  of  more  remote  age  than 
the  basement  strata  No.  1  of  the  above  diagram. 

Cambrian  or  Basement  Bocks  of  the  Silurian  Begion,  and  their 
equivalents  in  Wales.  (See  Map,  fig.  1.) — Let  us  first  review  the 
older  rocks  in  the  ascending  order  above  alluded  to,  and  as  they 
were  first  studied  in  the  western  tract  of  Shropshire,  where  the 
lowest  strata  containing  clearly  defined  fossils  are  seen  to  repose 
upon  a  vast  mass  of  still  older  deposits,  in  which  the  slightest 
traces  only  of  former  life  have  been  but  recently  detected.     It 
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will  afterwards  be  shown  how  the  same  succession  prevails  in  the 
slaty  regions  of  Wales^  to  which  the  Silurian  classification  has  been 
subsequently  applied. 

The  northern  portion  of  the  Silurian  Region^  or  the  south-western 
part  of  Shropshire^  is  marked  by  the  rise  of  a  group  of  hills  which 
presents  to  the  eye  an  outline  and  a  vegetation  difiSerent  to  those  of 
the  surrounding  elevations.  When  inquired  into  by  the  geologist^ 
this  semi-mountainous  mass  is  found  to  be  composed  of  the  most 
ancient  recognizable  sediments  of  the  British  Isles,  Gten^rally 
known  under  the  name  of  the  Longmynd^  these  round-backed  hills^ 
which  suddenly  flank  the  western  side  of  the  road  from  Ludlow  to 
Shrewsbury,  rise  to  heights  varying  from  1400  to  1600  feet  above 
the  sea.  Ranging  from  N.N.E.  to  S.S.W.,  they  stand  boldly  out 
from  beneath  the  surroimding  Silurian  deposits,  of  which  they  form 
the  mineral  axis. 

The  annexed  woodcut  is  merely  given  to  convey  some  idea  of 
their  form  when  looking  bom  one  of  the  transverse  openings  on  the 


*%.*' 


The  Longmtnd*. 


eastern  slope  towards  the  valley  of  Church  Stretton.  The  eleva- 
tions perceived  beyond  these  hills  are,  first  the  sharp  ridge  of  Caradoc^ 
then  the  Wenlock  Edge ;  the  Glee  Hills  appearing  in  the  distance. 

The  lowest  strata  of  the  Longmynd,  or  those  forming  the  base  of 
their  eastern  escarpment,  range  along  the  western  side  of  the 


*  This  sketch,  and  several  others  re- 
lating to  this  tract,  which  were  made  use 
of  in  the  publication  of  the  *  Silurian  Sy- 
stem,' were  drawn  by  that  sound  geolo- 
gist, the  late  Mr.  Thomas  Webster,  many 
years  Secretary  of  the  Geological  Soci- 
ety. These  drawinj|;s  were  prepared  to 
illustrate  a  manuscnpt  on  the  geology  of 


Shropshire,  intended  for  publication  by 
m^  esteemed  friend,  the  late  Mr.  Arthur 
Aikin,  but  which  he  had  put  aside  for 
some  years,  when,  perceivmg  that  I  had 
discovered  an  order  of  succession  in  this 
region,  which  had  escaped  him  and  his 
associate,  he  kindly  placed  his  materials 
at  my  service. 
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Stretton  valley.  They  are  thin^  fragile,  glossy  schists  or  clay  slate, 
ivith  two  or  three  minute  layers  of  siliceous  limestone,  each  scarcely 
exceeding  an  inch  in  thickness.  These  beds,  partially  interfered  with 
by  bosses  of  eruptiye  trap-rocks,  dip  to  the  W.N.W.  and  are  over- 
laid by  a  vast  and  regular  series  of  hard,  purple  or  plum-coloured, 
greenish  and  grey  schistose  flagstones  and  siliceous  grits.  The 
whole  of  this  series  can  be  well  observed  in  order  of  superposition 
along  the  banks  of  the  small  brook  which  descends  by  the  Carding 
Mill  to  Church  Stretton,  and  in  other  parallel  transverse  gullies. 
Quartz  veins  occur  here  and  there;  but  on  the  whole  these  strata 
consist  simply  of  sandstone  rock,  both  schistose  and  gritty,  and 
often  finely  laminated,  in  which  the  lines  of  deposit,  and  even  the 
rippled  surfaces  of  the  beds,  are  distinctly  visible ;  the  mass  being 
scarcely  afiected  by.  any  slaty  cleavage. 

The  rocks  of  the  Longmynd  proper,  being  highly  inclined  to  the 
W.N.W.,  are  overlaid  in  that  direction  by  other  masses  of  very 
considerable  dimensions,  including  purple  sandstones,  conglome- 
rates, and  grey  schists,  which  range  from  Linley  to  Church  Pulver- 
batch,  the  highest  of  them  dipping  conformably  under  the  remark- 
able ridge  of  the  Stiper  Stones,  with  which,  as  originally  defined, 
the  Lower  Silurian  strata  commence. 

It  is  to  the  whole  of  this  huge  accumulation  of  schists,  with 
sandstone,  grits,  and  pebbly  beds,  lying  between  the  valley  of 
Stretton  and  the  Stiper  Stbnes,  that  the  term  of  Unfossiliferous 
Orauwacke  was  first  applied  by  me  in  1833,  and  was  long  after- 
wards  changed  into  that  of  Cambrian''^.  It  is  important  here 
to  remark,  that  the  thickness  of  these  rocks  in  Shropshire  has 
been  estimated,  by  the  Government  Surveyors,  at  not  less  than 

*  See  Proceedincs  Geol.  Soc.  vol.  i.     porple-eoloured  sandstone  (the  Com- 


p.  475.  In  this  publication  of  the  year  pound  Sandstone  of  Townsend),  the 
1S33,  after  describinffy  in  descending  strata  of  which  in  Haughmond,  Pulver* 
order,  the  Ludlow  and  Wenlock  rocks  batch  and  Linley  Hills,  Shropshire,  are 
as  being  underlaid  by  'Shelly  Sand-  highly  inclined  or  vertica],  in  conformity 
stones*  and ' Black  Trilobite Flagstones'  with  those  of  the  preceding  formation, 
(the  whole  united  in  1835  under  the  No  organic  remains  have  been  observed, 
term  Silurian),  I  thus  spoke  of  the  sub-  by  which,  and  bv  its  very  peculiar  mi- 
jacent '  Red  Conglomerate,  Sandstone,  neral  structure,  this  formation  is  shown 
and  Slaty  Schist,'  forming  the  higher  to  be  entirely  distinct  from  the  pro- 
portion of  the  Longmynd : — "  This  is  ceding  (overlying)  groups."  See  also 
a  vast  deposit  of  several  thousand  feet  Philosophical  Magazine  and  Annals  of 
in  thickness,  consisting  of  verv  coarse  Philosophy  1835,  vol.  xviii.  p.  46 ;  and 
quartzose  conglomerates,  whicn  alter-  Silurian  System,  p.  268,  and  pi.  32.  figs. 
note  with  some  schistose  beds  and  much  1 ,  2, 3. 
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26^000  feet^  as  exposed  in  their 
highly  inclined  edges;  the  beds 
dipping  at  the  average  inclina- 
tion of  about  sixty  degrees  to  the 
W.N.W* 

The  opposite  diagram^  reduced 
from  my  original  sections,  repre- 
senting the  general  relations  of 
these  Longmynd  or  Cambrian 
rocks  to  the  strata  which  were 
first  defined  as  the  Lower  Silurian 
types,  will  convey  a  clear  idea  to 
the  reader  of  that  order  which 
every  geologist  may  examine  for 
himself,  when  he  walks  from  the 
valley  of  Church  Stretton  across 
the  Longmynd  to  the  well-marked 
ridge  of  the  Stiper  Stones,  and 
thence  into  that  typical  Lower 
Silurian  tract  of  the  Shelve  and 
Comdon  district,  which  will  pre- 
sently be  illustrated. 

In  the  'Silurian  System,*  as  well 
as  in  Memoirs  published  some 
years  previously  by  the  Geological 
Society,  I  described  the  Long- 
mynd  rocks  in  detail,  and  showed, 
that,  besides  the  strata  of  obvious- 
ly mechanical  and  subaqueous  ori- 
gin, there  are  associated  with  them 
eruptive  rocks,  whether  green- 
stones or  other  trap  rocks,  which 
had  been  intruded,  and  had  in  part 
altered  the  deposits  they  pene- 
trated.   It  was  frtrther  stated,  that 

*  According  to  the  same  authorities, 
the  Cambrian  rocks  at  Harlech  in  North 
Wales,  which  are  equivalents,  are  not 
thicker  than  about  8000  feet. 
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some  of  the  altered  rocks  contained  copper  yeins,  and  tliat  others  had 
cavities  lined  with  crystals  of  quartz,  and  occasionally  with  bitumen  or 
mineral  pitch^.  The  exudationofmineralpitchfiromrocksof  the  same 
age  and  character,  both  at  Haughmond  Hill  to  the  north  of  Shrews* 
bury  and  at  Fitchford,  to  the  east  of  that  town,  was  further  pointed 
out^  as  well  as  the  firequent  recurrence  of  thin  strings  of  copper  ore. 

The  geologist  will  naturally  attach  much  interest  to  the  occur- 
rence of  occasional  flakes  of  anthracite  in,  and  to  the  flow  of  petro- 
leum from,  these  very  ancient  strata.  For  if  these  substances  were 
formed  out  of  v^etable  or  animal  matter,  we  can  refer  to  seaweeds 
or  minute  worms  only  as  the  sources  of  themf. 

Neither  during  the  period  extending  from  1831  to  1885,  during 
which  I  first  explored  them,  nor  in  subsequent  years,  when  searched 
by  the  surveyors  and  collectors  of  the  Geological  Survey,  up  to  the 
time  when  the  first  edition  of  this  volume  was  published  (1854), 
had  any  traces  of  organic  remains  been  discovered  in  these  Long- 
mynd  Rocks,  and  hence,  whilst  their  position  and  mineral  charac- 
ters were  described,  they  were  stiU  spoken  of  as  'unfossiliferous,' 
or  as  '  having  not  yet  afforded  signs  of  any  former  beings^.' 
Mr.  Salter  has  been  so  fortunate,  however,  as  to  discover  fiunt 
traces  of  animal  life  in  these  old  sediments.  In  several  courses 
of  the  hard,  siliceous,  purple  and  grey  flagstones,  low  in  the  series, 
and  overlaid  by  many  thousands  of  feet  of  strata  in  which  no  fossils 


*  The  maimer  in  which  certain  cavi- 
ties of  these  rocks  are  filled  with  bitu- 
men and  small  patches  of  anthracite 
(Sil.  SjTst.  pp.  260, 265  et  teq.),  and  also 
the  veins  m  copper  ores  which  they 
contain  near  the  junction  of  the  intru- 
sive rocks,  are  facts  worthy  of  atten- 
tion. 

t  The  origin  of  the  bitumen  exuding 
from  the  interior  of  these  ver^  ancient 
deposits  is  necessarily  most  diifficult  of 
explanation.  To  satisfy  his  mind  on 
this  subject,  the  reader  may  consult 
with  advantage  a  memoir  by  M.  Abich, 
in  the  Acad.  Sc.  St.  P^ersbourff,  Bull. 
Phys.  Math.  tom.  xiv.  nos.  4  &  5,  in 
which  the  author,  insisting  upon  the  in- 
timate connexion  between  the  gases  pro- 
ceeding from  mud  volcanos  and  other 
volcamc  outbursts,  dwells  on  the  close 
geological  affinity  existmg  between  all 
such  operations,  including  hot  springs, 
&c.,  and  the  different  sorts  of  bitumen. 


asphalt,  &c.  M.  Abich  views  petroleum 
(hxe  that  which  issues  from  the  rocks 
of  Pitchford  and  Haughmond  Hill :  see 
diagram,  Sil.  Syst.  p.  266)  as  a  com- 

mterior  of  the  globe,  whence  it  rises 
like  carbonic  acid,  of  which  the  real 

T'n  is  also  unknown. 
That  few  animals  existed  during 
the  formation  of  these  rocks  has  re- 
ceived support  from  certain  experiments 
of  Dr.  Daubeny,  who  has  been  unable 
to  detect  any  phosphate  of  lime  in 
them ;  though  in  the  overlying  Silurian 
formations,  in  which  animal  remains  oc- 
cur, there  are  abundant  indications  of 
that  mineral. — See  Quarterly  Journal  of 
the  Chemical  Society,  vol.  vii.  p.  289. 

Even  in  the  slender  calcareous  lamiuR 
recently  discovered  by  Mr.  Salter  at 
Church  Stretton,  Dr.  Percy  has  been  un- 
able to  detect  any  appreciable  amount 
of  the  phosphate. 
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have  been  detected^  he  has  discovered  certain  indications  of  the  exist- 
ence of  anJTnalfl  at  that  period. 

The  impressions  represented  in  fig.  1  are  described  as  the  surface- 
holes  made  by  Annelides^  which  formed  burrows  in  the  sand^  like 
the  ]ob-worm  of  our  coasts.  The  sand-worm  which  left  these  im- 
pressions is  distinguished  under  the  name  of  Arenicola  didyma*^. 
Together  with  the  sinuous  tracks  or  trails  of  such  animals^  the  same 
author  also  finds  in  the  minute  markings  upon  the  rippled  surfetoe 

FOSSILB  (1). 
Kg.  1.  Fig.  2. 


Fig.  1.  Burrows  of  Annelidee  allied  to  Fig.  2.  PalsDopyge  Bamiiayi,  Salter. 

Arenicola.  (A.  didyma,  Salter.) 

of  the  strata,  evidence  of  littoral  or  shore  conditions, — an  inference 
which  is  strengthened  by  the  occurrence  of  the  water-worn  pebble 
beds,  which  are  seen  to  prevail  in  the  same  series  of  strata  as  you 
ascend  towards  the  summit  of  the  Longmynd. 

The  fossil  next  represented  (fig.  2)  is  supposed  by  Mr.  Salter  to  be 
the  caudal  part,  or  pygidium,  of  a  Trilobite,  which  he  has  named 
Palseopyge  Bamsayi.  He  considered  it  to  be  probably  allied  to  the 
crustacean  Deikelocephalus  described  by  Dale  Owen,  from  some  of 
the  lowest  beds  of  the  *  Silurian  series'  of  that  author,  in  the  newly 
explored  region  of  Wisconsin,  Iowa,  and  Minnesota  (United  States)  f. 

Desirous  of  ascertaining  whether  these  faint  signs  of  primordial 
life  might  not  lead  to  better  evidences  of  a  dear  and  recognizable 
fiftuna,  I  requested  Mr.  Salter,  accompanied  by  a  zealous  yoimg 
collector :(,  to  re-examine  those  Longmynd  strata  in  detail  in 
which  it  appeared  likely  that  a  fossil  could  be  detected.  These 
researches  have,  it  is  true,  brought  to  light  several  other  highly 
curious  confirmations  of  the  minute  tracks  or  impressions  having 
been  made  by  Annelides ;  but  neither  in  the  overlying  strata  of  the 

*  Joum.  Geol.  Soc.  Loud.  vol.  zii.     ladelphia,  1S52.    See  also  the  LoDff- 

la  fossils  descri W  in  the  Quarterly 


p.  248.  mynd  fossils  described  in  the  Quarterlv 

t  See  the  work  by  Dale  Owen,  en-  Journal  oftheOeological  Society,  p.  24o, 

titled  <  Report  of  a  Geological  Surrey  of  1866. 

Wisconsin,  Iowa,  and  Minnesota.'  rhi-  :|:  Mr.  John  Rhind 
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Longmynd,  nor  in  the  prolongation  of  the  same  beds  in  which  the 
so-called  Palseopyge  was  founds  has  any  additional  evidence  been  pro- 
cured of  the  existence  of  crustaceans.  That  uncertain  form  (fig.  2) 
stands  therefore  as  yet  alone,  to  sustain  the  belief  that  animals  of 
so  highan  oi^anizationas  Trilobites  were  extant  when  these  ancient 
sediments  were  accumulated. 

Let  ns  here  obserye,  that  the  fine  aggregation  and  unaltered  con- 
dition of  these  sediments  have  permitted  Ihe  minutest  impressions 
to  be  preserved.  Thus^  not  only  are  the  broad  wave-marks  distinct, 
but  also  those  smaller  ripples  which  may  have  been  produced  by 
wind,  together  with  apparent  ram-prints,  as  seen  upon  the  muddy 
surface,  and  even  cracks  produced  by  the  action  of  the  sun  on  a 
half-dried  surface.  Again,  as  a  further  indication  that  these  are 
littoral  markings,  and  not  the  results  of  deep-sea  currents,  the 
minute  holes  left  by  the  Annelidas  (fig.  1)  are  most  conspicuous 
on  the  sheltered  sides  of  the  ripples  in  each  slab. 

Surely  then,  if  animals  of  a  higher  organization  had  existed  in 
this  very  ancient  period,  we  should  find  their  relics  in  this  sediment 
so  admirably  adapted  for  their  conservation,  as  seen  in  the  markings 
of  the  little  Arenicola,  accompanied  even  by  the  traces  of  diurnal 
atmospheric  action. 

In  North  Wales,  where  the  same  Cambrian  or  Longmynd  rocks 
occur,  no  fossils,  except  marine  plants  or  fhcoids,  have  been  detected 
in  them.  In  Ireland,  however,  where  masses  unquestionably  of  the 
same  age  prevail  in  the  picturesque  rocky  tract  to  the  S.  and  S.S.E. 
of  Dublin,  they  contain  two  species  of  a  peculiar  zoophyte,  which, 
having  been  detected  by  Professor  Oldham''^  in  the  purplish  hard 
schists  of  Bray  Head,  received  the  appropriate  name  of  Oldhamia 
from  Professor  Edward  Forbes. 

The  Oldhamia  is  a  polype,  or  perhaps  a  coralline,  of  which  two 
species  have  been  collected,  and  one  of  them  is  here  given.  It 
occurs  in  the  hard  rocks  forming  Bray  Head,  and  at  Carrick  Mac- 
B«illy,  Wicklow;  but  the  species  here  figured  is  most  abundant  at 
the  last-mentioned  of  these  places. 

The  reader  may  look  with  reverence  on  this  zoophyte  as  the  oldest 
relic  of  its  class  yet  discovered.    It  is  well  preserved,  and  reminds 

*  Then  Local  Director  of  the  Geological  Survey  of  Ireland^  and  now  Director 
of  tbe  Geological  Survey  in  Bengal,  &c. 
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the  naturalist  of  the  living  Sertularia.  With  the  Oldhamia  abun- 
dant traces  of  Annelides^  similar  to  those  of  the  Longmynd^  have 
recently  been  found  by  Dr.  B.  Kinahan. 

These^  then^  are  the  only  signs  of  former  Fobsils  (2). 

life  we  have  yet  become  acquainted  with, 
after  the  most  assiduous  researches  in  the 
basement  deposits  of  such  vast  dimensions, 
which  are  often,  I  repeat,  less  altered  than 
much  younger  rocks  replete  with  organic 
remains.  Attention  has  been  first  called 
to  the  structure  of  the  Longmynd,  because, 

after  many  years  of  labour,  this  mountain  oidhamia  aiitiaim,irom  uar- 
is  ascertained  to  be  by  far  the  thickest  n^k  MacBeiUy,  Ireland. 
mass  underlying  those  fossil-bearing  Silu-  (BemainB  of  FuooicU  are 
rian  deposits,  which  commence  with  the  ^Sf  ^"""^^  ^^ 
Stiper  Stones  of  the  same  typical  district. 

The  diagram  given  at  p.  24  is  taken  from  one  of  the  several  sec- 
tions in  which  this  order  of  succession  was  first  illustrated  before 
the  Geological  Society.     (See  also  Sil.  Syst.  pi.  32). 

A  second  diagram,  reduced  by  Mr.  Aveline  from  one  of  the  pub- 
lished large  sections  of  the  Geological  Survey,  and  which  will  ap- 
pear in  the  next  Chapter,  is  a  satisfactory  confirmation  of  the  views 
which,  broached  in  1833*,  were  reiterated  in  1835 1,  when  the  term 
Silurian  was  first  applied  to  all  the  strata  overlying  the  Longmynd, 
and  were  finally  and  frdly  developed,  with  coloured  illustrations, 
when  the  '  Silurian  System'  was  published ;(. 

Let  us  next  mark  the  same  first  dear  steps  in  the  geological 
series,  in  the  accompanying  sketch  from  North  Wales,  which,  as 
worked  out  by  the  Geological  Surveyors,  indicates  a  succession 
similar  to  that  which  was  first  described  in  Shropshire. 

Li  this  well-known  scene,  the  spectator  is  supposed  to  be  looking 
up  to  the  Pass  of  Llanberis,  from  the  lower  lake  of  that  name ;  the 
heights  of  Snowdon  being  in  the  distance  on  the  right  hand.  In 
the  foreground,  and  on  both  sides  of  the  ruined  castle  of  Dolbadam, 
the  faces  of  the  cliffs  exhibit  flexures  of  the  oldest  strata  here  visible. 

*  Proc.  Qeol.  Soc.  vol.  i.  p.  475.  title-page.    In  proof  of  this,  see  Lyell's 

t  Phil.Mag.&Ai»i.of  Ph.l8d5,p.46.  Elements  of  Geology,  1838,  in  which 

X  The  '  Silurian  System'  was  really  the  leadine  data  of  uie  Silurian  System 

issued  in  1838,  though  1839  is  on  the  are  quoted  from  my  work. 
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These  are  the  purplish  and  grey  slaty  rocks^  1,  of  the  previous  sec- 
tions, whose  structure  and  relations  in  North  Wales  hare  been 
so  well  described  by  Professor  Sedgwick.  Containing  the  best  roof- 
ing slates  in  the  world*,  and  subordinate  courses  of  grit,  with  rocks 


PaBB  of  liLAVBEBIS  FBOM  THB  LOWEB  LaKS. 

of  igneous  origin  intermixed,  they  are  seen  to  fold  over  and 
plunge  to  the  E.S.E.,  so  as  to  pass  under  the  great  and  massive 
succession  of  schists,  which  constitute  the  distant  heights  of  the 
Snowdon  range.  The  reader  will  observe,  that  fSEunt  slanting  lines 
have  been  introduced  into  the  drawing  to  represent  this  ascending 
order,  which  the  geologist  can  observe  for  himself,  as  he  examines 
the  sides  of  the  valley  in  passing  from  the  unfossiliferous  slaty  rocks 
of  Llanberis,  up  to  the  overlying  strata  (2*,  2*,  2%  of  section  below 
the  map),  which,  by  their  imbedded  oi^anic  remains,  are  known 


*  The  slates  of  Llanberis  lie  in  the 
masses  to  the  left  handof  theforeground, 
and  are  the  property  of  Mr.  T.  Assheton 
Smith.  Thence  they  range  to  the  exten- 
sire  quarries  of  Colonel  Douglas  Pennant, 
M. P.,  on  the  N.N.E.  A  very  mstructiTe 
diagram^  representing  the  curves  of  the 
original  strata  at  Llanberis,  and  the 
manner  in  which  they  are  traversed  by 


planes  of  slaty  cleavage,  is  given  by 
Professor  Sed^ick,  QuarterW  Journal 
of  the  Geological  Society  ot  London, 
vol.  iii.  p.  138.  For  a  correct  acquaint- 
ance with  all  the  fsuilts  and  fractures  of 
these  rocks,  the  geologist  will,  of  course, 
consult  the  subsequently  published  maps 
and  sections  of  the  dovemment  Sur- 
veyors. 
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to  be  of  Lower  Silurian  age.  In  shorty  the  rocks  in  the  foreground 
stand  in  the  place  of  the  Longmynd^  whilst  the  overlying  or  distant 
masses  are  the  equivalents  of  the  Stiper  Stones^  Shelve^  and  Corn- 
don  of  the  previous  section,  and  even  of  the  Caradoc  Sandstone  of 
Shropshire. 

A  like  succession,  and  much  clearer  as  r^ards  the  exposition  of 
the  fossils  of  the  next  overlying  zone,  is  seen  near  Tremadoc  on 
the  north,  and  Barmouth  on  the  south  side  of  the  hard  Cambrian 
rocks  of  Harlech,  which  represent  the  upper  portion  of  the  Long- 
mynd  series.  There,  they  also  pass  under  the  lowest  member  of  the 
Silurian  rocks — ^the  Lingula  Flags,  or  equivalent  of  the  Stiper  Stones 
— ^as  explained  in  a  diagram  prepared  for  me  by  Professor  Bamsay, 
for  which  see  the  next  Chapter. 

The  generalized  coloured  section  at  the  bottom  of  the  annexed  geo- 
logical map,  also  prepared  by  Professor  Ramsay,  who,  with  his  asso- 
ciates. Jukes,  Aveline,  and  Selwyn,  established  the  important  iden- 
tification of  the  slaty  rocks  of  North  Wales  with  their  unaltered 
equivalents  in  the  Silurian  Region,  will  at  once  render  the  subject 
intelligible  to  the  reader  (see  Preface).  In  the  two  fundamental 
masses  of  the  Longmynd,  on  the  east,  and  of  Llanberis  and 
Harlech,  on  the  west,  are  represented,  therefore,  the  oldest  sedi- 
mentary rocks  of  England  and  Wales''^. 

Bocks  similar  in  character  to  those  of  the  Longmynd,  Llanberis, 
and  Harlech,  and  rising  out,  like  them,  from  beneath  all  the  Lower 
Sihirian  rocks,  occur  also  at  and  near  St.  David's  in  South  Wales. 
There  again,  as  in  North  Wales,  no  fossils  have  been  detected  in 
them,  but  they  are  conformably  overlaid,  according  to  recent  ob- 
servations made  by  Mr.  Avelinef^  as  in  Shropshire  and  Wales,  by 
strata  in  which  the  earliest  conspicuous  groups  of  animals  have 
been  detected.  These  British  examples  are  well  supported  by  an 
analogous  succession  in  Bohemia,  where  M.  Barrande  has  indicated 
the  presence  of  an  enormous  mass  of  stratified  rock  apparently  void 
of  fossils,  and  forming  the  natural  base  of  his  Silurian  basin  of 

*  It  is  also  worthy  of  remark,  that  in  and  lead  ores  occur,  and  in  parts  of 
the  long  transyerse  section  below  the  Merionethshire  gold  also  appears  in 
Map,  extending  in  a  right  line  over  90  small  quantities.  The  auriferous  con- 
miles  of  country,  the  Unoest  rocks,  near  ditions  of  the  Lower  Silurian  rocks  of 
each  extremity  (in  Camarronshire  as  in  Nordi  Wales  will  be  subsequently  ex- 
Shropshire),  are  accompanied  by  mine-  plained, 
ralization  of  the  strata.    In  both,  copper  f  Since  the  first  edition  of  this  work. 
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Bohemia.  In  that  r^on  also^  as  in  Scandinayia,  the  lowest  or 
earliest  traces  of  animal  life  occur  in  what  that  anthor  terms  the 
Primordial  zone^  or  equivalent  of  the  Stiper  Stones  and  Lingida 
Flags  of  the  British  Isles. 

In  the  next  Chapter  we  shall  open  out  these  pages  of  the  history 
of  primordial  life,  so  interesting  to  the  naturalist,  and  in  which  we 
read  off  with  precision  how  in  other  and  younger  strata  accumulated 
beneath  the  primeval  seas,  different  marine  animals  were  deposited 
in  each  succeeding  zone. 

In  concluding  the  subject  of  the  Cambrian  or  basement  rocks,  a 
few  words  must,  however,  be  offered,  concerning  two  natural  phy- 
sical phenomena  previously  adverted  to,  by  which  the  ancient 
deposits  we  are  now  considering,  have  passed,  in  North  Wales,  into 
states  so  very  different  from  their  condition  in  the  Longmynd. 

Slaty  Cleavage, — ^The  lowest  rocks  of  North  Wales  are  often,  as 
before  mentioned,  in  the  condition  of  true  slates.  In  this  respect  they 
present  a  very  different  aspect  to  the  strata  of  the  same  age  which 
constitute  the  Longmynd.  For,  although  it  was  remarked  in  the 
'Silurian  System'  (p.  258),  that  the  Cambrian  rocks  of  the  Longmynd 
had  more  of  a  slaty  character  than  any  of  the  overlying  deposits  of 
the  Silurian  region,  I  pointed  out  that  such  cleavage  was  rude,  irre- 
gular, and  indeed  apparent  upon  a  large  scale  only.  The  materials 
composing  the  rocks  of  the  Longmynd  and  the  north-western  part 
of  Carnarvonshire  are,  however,  essentially  the  same.  In  both, 
very  fine  sand  and  mud,  chiefly  of  purplish  and  greyish  or  greenish 
colours,  have  been  accumulated  in  countless  thin  laminae  of  varying 
colours,  with  hete  and  there  an  interstratified,  coarser,  and  more 
gritty  bed.  They  are  further  surmounted  in  both  tracts  by  the 
lowest  band  of  Silurian  strata,  containing  the  same  fossils,  whether  in 
Shropshire,  Carnarvonshire,  or  Pembrokeshire.  But  stiU  the  Welsh 
rocks  differ  strikingly  from  their  Shropshire  equivalents.  The  latter, 
when  strudL  by  the  hammer,  invariably  break  up  along  their  original 
lines  of  stratification,  like  all  ordinary  sedimentary  rocks ;  whilst 
the  North  Welsh  strata  of  the  same  age  have  been  so  affected  by  a 
distinct  determination  of  the  fine  particles  of  mud  and  sand  of  which 
they  were  originally  composed,  that  they  will  split  only  into  count- 
less thin,  hard  plates,  which  cut  across  the  original  beds,  and  are  all 
precisely  parallel  to  each  other,  or  in  other  words,  into  true  roofing 
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slates.  This  diagram  will  explain  the  distinction  between  original 
deposition,  as  indicated  by  the  stronger  curvilinear  lines  {a  a),  and 
the  superinduced  slaty  and  finer  cleavage  lines  {bb),  to  which  the 
weathered  and  the  jagged  edges  of  some  of  the  mountains  of  Wales 
are  frequently  due. 


Bulty  Cleavagb  Ain>  Bedding. 

a.  Strata  or  beds  in  undulation,  h.  Lines  of  cleaTage.  (The  dark  tint  represents 
the  portions  of  a  mountain  in  which  the  layers  of  deposit  and  lines  of  cleavage 
coincide.)    From  Sil.  Syst.  p.  400. 

« 

To  whatever  force  you  subject  the  rock  so  affected,  it  will  only 
break  in  the  direction  of  the  fine  plates,  or  in  other  words,  along 
the  lines  of  slaty  cleavage  {b  b).  Whilst,  to  the  geologist,  the 
original  layers  of  deposit  are  apparent,  as  marked  by  grey,  purple, 
and  greenish-coloured  different  laminse  {a  a),  the  unpractised  observer 
is  easily  deceived  (like  many  geologists  of  the  old  school),  and  often 
mistakes  these  slaty  plates  for  lines  of  stratification. 

To  Professor  Sedgwick  is  justly  assigned  the  merit  of  having  first 
taught  the  true  distinctions  between  slaty  cleavage  and  stratification, 
and  his  valuable  observations  have  had  a  wide  application.  For,  this 
slaty  impress  has  affected  not  only  the  oldest  rocks  of  Carnarvonshire, 
where  the  finest  slates  are  obtained,  but  also  most  of  the  overlying 
Silurian  formations  in  Wales ;  whilst,  in  the  original  Silurian  region, 
the  same  rocks  are,  as  before  said,  exempt  firom  it.  Slaty  cleavage 
prevails  also  through  the  younger  schists  of  Devonshire,  and,  in  the 
sequel,  we  shall  have  to  note  how  it  has  been  impressed  upon  schistose 
masses  of  the  Carboniferous  age.  In  short,  although  this  structural 
arrangement  was,  in  the  early  days  of  geology,  looked  upon  as  an 
indication  of  the  great  antiquity  of  the  rocks  in  which  it  prevailed, 
and  thus  led  to  serious  mistakes,  the  phenomenon  is  now  known 
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to  be  one  which  in  Britain  re-occnn  throughout  the  Paleozoic  rocks 
up  to  the  Carboniferous  inclusive. 

Those  who  wish  to  be  better  acquainted  with  this  striking  pheno* 
menon  will  do  well  to  consult,  in  the  first  instance,  the  excellent 
memoir  of  Sedgwick,  who,  distinguishing,  as  before  said,  cleavage 
firom  stratification,  referred  this  mighty  change  in  the  strata  to 
some  grand  chemical  operation  in  which  heat  and  electricity  were 
probably  combined ;  or,  in  the  words  of  that  author, ''  crystalline 
or  polar  forces  have  re-arranged  whole  mountain-masses,  pro- 
ducing a  beautiful  crystalline  cleavage  passing  alike  through  all  the 
strata*/' 

.  Subsequently,  Professor  John  Phillipsf  and  Mr.  Daniel  Sharped 
led  the  way  in  propounding  another  theory,  the  chief  feature  of 
which  has  been  ably  sustained  and  illustrated.  Observing  that  the 
fossil  sheUs  entombed  in  certain  slaty  rocks  of  Wales,  Westmore- 
land, and  Devonshire  were  distorted  in  directions  athwart  the 
original  layers  of  deposit,  they  inferred  that  the  planes  of  cleavage 
which  had  so  deformed  the  shells  had  mainly  resulted  from  me- 
chanical forces  compressing  the  sediment  at  right  angles  to  the 
lines  of  cleavage.  Mr.  Sharpe  also,  in  further  illustrating  this 
subject,  agreed  with  Sedgwick  in  regarding  the  phenomena  of 
cleavage  as  being  due  to  the  action  of  some  unknown  and  peculiar 
crystalline  force. 

Sorby,  adopting  the  mechanical  portion  of  this  view,  demon- 
strated its  truthfulness  §  by  a  series  of  ingenious  experiments, 
clearly  showing  how  the  numerous  flattish  unequiaxed  particles  of 
the  ancient  mud  and  sand,  out  of  which  slate  has  been  formed,  had 
in  all  cases  aided  the  great  cause,  or  lateral  compressing  force,  in 
producing  cleavage. 

Adhering  exclusively  to  the  mechanical  theory,  T]rndall||  has. 
recently  fisurther  developed  the  subject  in  a  clear  and  experimental 
lecture,  delivered  at  the  Royal  Institution.  He  difiers  from  Sorby 
in  believing  that  the  production  of  cleavage  was  unaided  by  the 
shape  of  the  particles  in  the  rock,  but  was  caused  by  the  extension, 

*  Traiu.  GeoL  Soc.  Lond.  2nd  Ser.  §  Edinbureb  New  Phil.  Journ.  vol.  W. 

vol.  iii.  p.  477.  p.  137;  Pbil.  Mag.  4th  Ser.  vol.  xi.  p.205 

t  Rep.  Brit.  Aa«oc.  1843,  Sect.  p.  60.  ibid,  vol.  xii.  p.  127. 

t  Quart.  Jonrn.  Geol.   Soc.   Lond.  ||  Phil.  Mag.  4th  Ser.  vol.  xii.  p.  35; 

vol.  iii.  p.  74;  and  vol.  ▼.  p.  HI.  ibid,  p.  129. 

D 
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under  pressure,  of  the  minute  interstitial  cavities  which  must  exist 
in  even  the  most  finely  levigated  mudstones. 

Passing  over  certain  slight  differences,  these  authors,  as  well  as 
Professor  Phillips,  agree  essentially  in  affirming,  that  cleavage  is 
due  to  mechanical  causes,  or  that  slates  are  compressed  rocks. 

Whilst  it  is  beyond  my  present  object  to  dilate  upon  the  forces 
originating  a  phenomenon,  which,  however  it  may  be  explained, 
throws  no  light  upon  the  age  or  order  of  the  strata,  I  might  be  per- 
mitted to  suggest,  that  the  geologist  may,  with  profit,  follow  Sharpe, 
in  accepting  the  suggestions  of  Sedgwick,  and  in  endeavouring  to  com- 
bine them  with  the  purely  mechanical  theory  of  Sorby  and  TjmdaU. 

If  the  last-mentioned  authors  have  succeeded  (as  I  think  they  have) 
in  demonstrating  that  powerftd  lateral  pressure  was  a  main  cause  in 
the  formation  of  slates,  I  am  disposed  to  agree  with  Sharpe,  that  this 
cause  alone  could  scarcely  have  produced  such  results  as  we  see  in 
the  wonderfully  minute  parallel  cleavages  of  a  whole  mountain- 
chain,  had  not  the  rocks  at  the  same  time  been  cogently  affected,  as 
Sedgwick  supposed,  by  such  forces  as  heat  and  dectricity,  com- 
bined with  vapour  and  great  lateral  pressure*. 

Not  dwelling  longer,  however,  upon  this  physical  problem,  I  would 
remind  the  reader,  that,  once  having  obtained  a  dear  insight  into 
the  distinctions  between  cleavi^e  and  stratification,  as  first  pointed 
out  by  Sedgwick,  the  geologists  who  have  long  and  patiently  laboured 
in  the  Welsh  mountains  have  been  enabled  to  trace  the  symmetry  of 
deposits,  whose  slaty  composition,  and  frequent  perforation  by  igneous 
rocks  of  various  characters,  had  veiled  them  in  an  obscurity,  from 
which  their  equivalents  in  Shropshire,  Herefordshire,  Radnorshire, 
&c.,  or  the  typical  region  of  Siluria,  are  almost  entirely  exempt. 

Metamorphic  Rocks  of  Anglesea. — It  has  been  stated  that  there 
are  no  rocks  in  South  Britain  of  more  remote  age  than  the  basement 
sediments  which  occupy  the  Longmynd  and  the  parts  of  North  and 
South  Wales  already  spoken  of.  For  a  long  time,  indeed,  it  was 
believed  t,  that  the  schists  and  quartzose  and  felspathic  rocks  of  the 

*  The  reader  who  desires  to  be  ac-  '  Researches  on  the  Symmetiy  in  the 

quainted  with  all  the  phenomena  re-  Arrangement  of  the  Plimes  of  Cleavaffe 

lating  to  this  difficult  subject,  including  over liffge  areas.'  Phil.Trans.  1852,  p.445; 

the  foliation  of  rocks,  must  also  consult  and  Joum.  Geol.  Soc.  toI.  iii.  p.  87. 

two  other  important  works,  viz.' Geolo-  t  See  the  Geolosiail  Maps  of  £n- 

gical  Observations  in  South  America,'  efuid  and  Wales,  by  William  Smith  and 

p.  163,  by  C.  Darwin,  and  D.  Sharpe's  Grreenough,  and  even  the  last  edition  of 
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Ide  of  Anglesea^  judging  from  their  crystalline  character  only,  were 
more  ancient  than  any  of  the  masses  of  the  adjacent  mainland. 
Such,  however,  is  not  the  case.  The  pre-existing  rocks,  out  of 
whose  materials  were  formed  both  the  schists,  sandstones,  and  gritty 
or  pebbly  strata  of  the  Longmynd  in  Shropshire,  and  of  the  Llan- 
beris,  Bangor,  and  Harlech  mountains  in  North  Wales,  and  of  St. 
David's  in  South  Wales,  have  long  ago  subsided  beneath  ancient 
oceans,  and  have  been  covered  of  er  by  the  strata  of  which  we  now 
treat.  _r=-r^    - 


COHTOBTSD  C&YBTALLUrs  SOHI6T8  AT  TUE  SOIJTH   STACK  LlOHTUOUBB,  AHOLSSSA. 

Thus,  it  is  ascertained,  that  the  schists  of  Anglesea  are  simply  an 
altered  portion  of  the  same  slates  and  grits  which  constitute  the  base  of 
the  Silurian  series  of  deposits  in  the  adjacent  counties  of  Carnarvon 
and  Merioneth.  In  other  words,  the  oldest  strata^of  Anglesea  have 
been  altered  at  one  spot  into  chlorite  and  mica-schist,  in  another 
into  quartz  rock,  accompanied  by  most  extraordinary  flexures  of  the 
beds^.     Agreeing  with  my  friends  of  the  Geological  Survey,  that 

the  latter,  published  in  1839;  as  well     in  a  memoir  by  Professor  Henslow,gab- 
as  the  '  Outline  of  the  Geology  of  En- 
dand  and  Wales,'  by  Conybeare  and 
Phinips. 

*  The  reader  will  find  an  admirable 
account  of  some  of  the  metamorphosed 
strata  of  Anglesea,  and  their  contortions, 


r,  pub- 
lished as  far  back  as  the  year  182^.  This 
work,  which  may  still  be  read  with  yery 
great  profit,  was  a  truly  remarkable 
proof,  at  that  early  date,  of  the  geolo- 
gical powers  of  the  author.  Tnmsact. 
Cambridge  Phil.  Soc.  vol.  i.  p.  15. 

d2 
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* 
this  is  a  true  explanation  of  the  case^  a  small  sketch  is  here  annexed^ 

to  indicate  the  amount  of  curvature  which  these  metamorphosed 

strata  have  undergone^  as  seen  at  the  promontory  of  the  South  Stack 

Lighthouse^  near  Holyhead. 

These  contorted,  crystalline  rocks  of  Anglesea,  with  their  intruded 
granites,  are  overlaid  by,  and  associated  with  stripes  or  patehes 
of  different  paleozoic  rocks,  of  Silurian,  Devonian,  and  Carboniferous 
age ;  thus  forming  a  network,  which  the  most  experienced  geologist 
might  have  difficulty  in  unravelling.  Their  outlines,  generally  laid 
down  in  Greenough's  Map  of  England,  are  now,  indeed,  very  accu- 
rately defined  in  the  sheets  of  the  Government  Survey.  The  whole 
of  the  bands  have  a  direction  or  strike  firom  S.S.W.  to  N.N.E.,  as 
may  be  seen  in  the  annexed  Map. 

No  sooner,  however,  do  we  pass  the  Menai  Straits,  and  advance 
eastwards  towards  the  west  flank  of  the  mountainous  range  of 
Snowdon,  than  we  find  huge  buttresses  of  very  ancient  grit,  schist, 
slate,  and  sandstone,  having  the  same  direction,  from  S.S.W.  to 
N.N.E.,  in  which,  though  their  sedimentary  character  is  obvious, 
and  though  they  have  not  been  so  much  altered  as  in  Anglesea, 
but  one  obscure  fossil  has  been  detected  throughout  a  thick- 
ness of  many  thousand  feet.  Now,  all  these  deposits,  whether  in 
a  metamorphic  state  in  Anglesea,  or  in  a  slaty  condition  on  the 
maioland,  are  the  true  basement  rocks  of  England  and  Wales.  In 
other  words,  these  oldest  rocks  of  North  Wales  are  the  equivalents 
of  the  strata  of  the  Longmynd  Hills,  which  were  first  described  as 
types  of  that  'greywacke '  which  was  shown  to  form  the  base  of  the 
original  formations  of  the  Silurian  system^.  (See  general  section 
below  the  Map.) 

It  is  to  the  lowest  of  these  sedimentary  rocks  of  the  Silurian  Region 
and  North  Waleg^  whether  scarcely  at  all  changed  in  the  Longmynd, 
in  a  slaty  condition  in  Carnarvonshire,  or  quite  metamorphosed  in 
Anglesea,  that  the  term  Cambrian  was  restricted  by  the  late  Sir 
H.  De  la  Beche  and  his  associates  the  Geological  Surveyors;  and 
I  naturally  adhere  to  a  definition  which,  as  above  shown,  coincides 
precisely  with  my  earliest  development  of  the  order  of  succession. 

♦  See  above,  p.  23,  note. 
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CHAPTER  III. 

LOWER  SILURIAN  ROCKS. 

ABCSSTDTSQ  PASSAGE  OP  THB  STRATA  ROM  THB  8TIPBB  STONBS  TO  THB  LLAITDSILO 
PLAG6,  AS  PBOrBD  BT  PHY8ICAI.  AND  ZOOLOGICAL  CHABACTBBS  IN  THB  TYPICAL 
TBACT  OP  THB  SILVBIAir  SBOIOH. — BIICILAB  OBDBB  OF  STRATA  IN  WALBS  FROM 
THB  LnreULA  PLAOS  upwards. — THB  LLASDBILO  ROCKS  AND  THBIR  POH8IL8  AS 
BXHIBITBD  IN  BHROFSHIRB. — THB  BANOB  OP  THB  SAMB  FORMATION  WITH  ITS 
CHARACTERISTIC  FOSSILS  THROUGH  WALBS. — THB  SEPARATION  OF  THE  LLAN- 
DEILO  ROCKS  PROM  THB  CARADOC  OR  BALA  FORMATION  BT  INPRAP08ITION  AND 
POBSILS. — THE  RANGE  OP  GRAPTOUTBS. 

Let  118  now  continue  our  supvej-  by  reverting  to  that  district  of 
Shropshire  in  which^  as  has  been  shown^  the  fundamental  rocks  are 
more  largely  developed  than  in  any  other  part  of  England  and  Wales, 
by  examining  the  fossiliferous  strata  which,  resting  in  conformable 
apposition  upon  the  upper  ledges  of  the  Longmynd,  have,  firom  the 
period  of  my  earliest  researches,  been  classed  as  Silurian.  The 
lowest  of  these  bands  is  weU  displayed  in  the  ridge  called  the  Stiper 
Stones,  than  which  there  are  few  more  striking  features  in  the 
physical  geography  of  the  British  Isles.  Trending  in  a  broken, 
mural  Une  firom  N.N.E.  to  S.S.W.,  these  stony  masses  appear  to 
the  artist  like  insulated  Cyclopean  ruins  jutting  out  upon  a  lofty 
moorland  ridge,  at  heights  varying  firom  1500  to  1600  feet  above 
the  sea.  On  reaching  the  summit  of  this  barren  height,  the  tra- 
veller sees  below  him,  to  the  west,  a  rapid  slope,  and  beyond  it  a 
picturesque  hiUy  tract,  the  strata  of  which  are  laden  with  Lower 
Silurian  fossils,  and  diversified  by  a  variety  of  rocks  of  igneous 
origin.  In  short,  he  has  then  within  his  view  the  original  type 
of  formations  which,  raised  to  greater  altitudes,  and  affected  by  a 
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daty  cleavage,  occupy  large,  moimtainous  districts  in  Wales.  The 
annexed  sketch  of  a  portion  of  this  tract,  where  the  undulating 
grounds  are  composed  of  the  Llandeilo  formation,  with  some  inter- 
stratified  igneous  rocks,  and  where  the  eruptive  mass  of  the  Com- 

LOWEB  SlLUSIAlfr,  AKD  BEDDED  TbAP,  TBAVEB8ED  BT  BBUPTIVE  BOCKB ;    THE 
Ck)BNDON  MomfTAIN  IN  THE  DISTANCE  TOWABDS  THE  NOBTH. 

(From  SiL  Syst.  p.  271.) 


Lower  Silurian  tract  west  of  the  Stiper  Stones  (Shelve,  &c.). 

don  occupies  the  highest  point,  conveys  a  fsur  idea  of  the  contours 
of  the  old  Silurian  country  which  is  about  to  be  described. 

The  geologist  who  becomes  familiar  with  the  protruding  bosses 
called  the  Stiper  Stones  perceives  that  they  are  outstanding  frag- 
ments of  a  thick  band  of  siliceous  sandstones.  Though  in  parts 
veined,  altered,  and  fractured,  and  occasionally  passing  into  crystal- 
line quartz  rock,  they  yet  form  an  integral  portion  of  the  overlying 
schistose  formation ;  whilst  fragments  of  the  shells  called  Lingulse 
occur  in  them. 

Extending  from  Pontesbury  near  Shrewsbury  on  the  N.N.E.  to 
Snead  near  Bishop^s  Castle  on  the  S.S.W.,  or  for  a  distance  of 
upwards  of  ten  miles,  these  siliceous  rocks,  though  subjected  to 
several  transverse  breaks  which  have  given  slightly  divergent 
directions  to  portions  of  the  chain,  maintain  steadily  their  relation 
to  the  Cambrian  or  Longmynd  series  beneath,  and  to  their  over- 
lying associated  Silurian  strata;  being  conformably  underlaid  and 
overlaid  by  dark  grey  schists.     In  fact,  they  constitute  the  natural 
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^        I     p!i?»^  base  of  the  Llandeilo  rocks  of 

^        il    ^n  ^^^  Shelve  and  Comdon  dis- 

^1    Hi    I'i  trict,  into  which  they  graduate 

i  g  ^  upwards^  dipping  at  high  angles 

"^l*  to  the  N.N.W.,  as  represented 

l^-s  in  the  previous  general  section, 

S  H[    1^  ^  P*  ^>  &nd  also  in  this  diagram, 

g  H  taken  from  one  of  the  published 

S  K  sections    of   the   Government 

Survey. 
la  ^  In  the  peaks  known  as  the 

^  ^  Stiper  Stones,  the  rock  has  all 

w  ^^^  the  appearance  of  having  been 

altered  by  the  influence  of  the 
heat  which  must  have  accom- 
panied the  evolution  of  those 
igneous  rocks  (chiefly  green- 
g  •        stone)   which   occur  on  both 

sides   of  the  ridge*.     When 
^  BM  most  crystalline,  it  is  often  in- 

►3  ^B  tersected  by  veins  of  vitreous 

g  •    jB*  11^  f^         quartz,  and  on  the  broken  and 

S  I    H    ^i^li         weathered  fragments  are   ex- 

g  I    H|    "flls^         posed   numerous   small  white 


B  v    ll^il  facets  of  quartz  crystals,  pre- 

S  Ht    |^i"ij|         senting  a  vivid  contrast  to  the 

3  H[    |f^|l|       dull  brown  heath  over  which 

g  H   ^^^3^3       ^jj^y  ^g  strewn.     In  the  first 

of  the  accompanying  sketchesf, 
in  which  the  spectator  is  looking 
along  the  ridge  to  the  S.S.W., 
«  H    ^^Ifti         the  valley  on  the  left  hand  has 

MM  '     S:r 

^^11  i  *  Several  small  additional  bosses 

"S  "^  o  I J  of  greenstone  were  recently  detected 

*"1  ITS  5  I  by  Mr.  Gibbs  on  the  eastern  side  of 

E     _     111 -as  the  ridge,  and  these  I  examined  on 

t^               t     m     V~^^t  my  last  visit  to  this  interesting  tract 

P                1     1     sll-i^  (September  1856). 

2                ^     ■     E;e1i=  t  Frotn  a  drawing  by  the  Rev. 

^                      *     &5a«a  John  Parker  of  Sweeny. 
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been  excavated  in  the  uppermost  strata  of  the  Longmynd  rocks  not 
far  to  the  north  of  Linlev. 


The  Eastesn  Face  of  the  Stipe b  Stones. 

In  the  following  sketch,  on  the  contrary,  the  protruding  rocks 
are  the  culminating  portions  of  the  rapid  slope  before  adverted  to, 
the  strata  of  which  form  an  integral  part  of  the  Lower  Silurian 
Rocks. 


The  Westebn  Face  op  the  Stipes  Stones. 

The  altered  condition  of  these  rocks  is  again  instructively  exhi- 
bited at  Granham,  to  the  north  of  Vessons  Coppice,  near  Pontes- 
bury,  where  the  chief  mass  is  white  and  crystalline,  much  fissured. 
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tind  penetrated  by  a  vein  chained  with  anthracite^  small  flakes  of 
.which  are  disseminated  through  the  rock.  In  following  these 
ledges  of  qnartz  rock^  whether  to  N.N.E.  or  S.S.W.^  we  find  them 
passing  into  coarse  grits  and  sUiceons  sandstone.  At  Nils  HiU^ 
dose  to  Fontesbnry^  where  the  ridge  has  subsided  to  a  low 
elevation^  the  rock  loses  much  of  its  altered  character^  and^  being 
largely  quarried  as  a  road-stone^  is  much  more  dearly  exposed  than 
in  the  higher  parts  of  its  range.  The  strata  dip  at  the  high  angle 
of  60°  to  70°  to  the  W.N.W.,  and  are  there  exhibited  in  a  tkick- 
ness  of  from  800  to  1000  feet.  The  beds^  varying  in  dimensions 
firom  a  few  inches  (many  of  them  being  ^  flagstones ')  to  two  and 
three  feet^  are  separated  by  way-boards  of  sandy  shale^  and  the 
lower  diriding  laminae  are  here  and  there  composed  of  greenish  and 
white  unctuous  day. 

On  the  surface  of  some  of  the  numerous  flag-like  beds  are  broad 
wayy  undulations^  and  also  the  ripple-marks  so  common  to  many 
sandy  deposits.  Together  with  these  are  also  ramose  and  twisted 
forms^  some  of  which  are  probably  the  casts  of  seaweeds^  and  amongst 
them  is  the  Cruziana  or  Bilobites  (d'Orb.)'^. 

Mr.  Salter  has  recently  satisfied  me^  that  some  of  the  more  tubu- 
lar-shaped cavities  and  cylindrical  bodies  are  the  borings  and  casts 
of  worm-like  animals^  and  may  well  represent  the  Scolithus  linearis 
of  HaU^  a  fossil  which  characterizes  the  Potsdam  Sandstone^  or 
lowest  Silurian  rock  of  North  America.     The  vertical  tubes^  curved 

FoBsruB  (8).    AinnajDs-BUBBows  in  thb  Snpxa  Stonis. 


Amanofsaadstone^ 
with  the  vertioal 
tabes  of  sand-bur- 
rowing Annelides 
(Soolithus  linearis 
ofHaQ). 


The  burrows  haye 
two  apertures,  and 
are  connected  below 
by  a  loop-like  tube, 
as  at  a. 


at  their  base^  and  their  trumpet-shaped  openings  are  well  preserved, 
and  of  a  size  equal  to  those  of  the  common  lob-worm  of  our  coasts. 
These  appearances  are  represented  in  the  accompanying  woodcut. 

*  See  '  Silurian  System,'  pp.  284-5,  for  further  details  respecting  the  structure 
and  relations  of  these  rocks. 
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Nmnerous  fragments  of  Lingulse  liaviBg 
been  recently  discovered^  both  in  the  beds 
immediately  beneath,  and  in  those  forming 
the  upper  part  of  this  siliceous  rock''^,  there 
can  be  little  doubt  (especially  as  they  OTcrlie 
the  rocks  of  the  Longmynd,  ^nd  graduate 
upwards  into  the  great  mass  of  the  Lower 
Silurian  Bocks)  that  the  band  of  the  Sti- 
per  Stones  represents  thcTremadoc  Slates 
of  North  Wales,  in  which,  and  at  the  same 
geological  horizon,  Lingulse  and  other  fos- 
sils occur,  in  strata  separated  by  a  distance 
of  sixty  miles  across  their  strike.  It  is 
well  to  observe  that  the  finely  micaceous 
sandy  shale  or  schist  which  underlies  the 
more  siliceous  portion  of  the  series  has  a 
great  similarity  in  composition  to  the  beds 
above  the  quartz  rocks.  In  short,  the 
whole  of  these  beds  are  so  knit  together, 
and  pass  so  imperceptibly  into  the  supe- 
rior strata,  that  no  boundary-line  can  pos- 
sibly be  drawn  upon  a  map,  between  the 
rocks  composing  the  Stiper  Stones,  and 
the  hard,  grey,  arenaceous,  flag-like  shale 
into  which  they  graduate ;  the  latter,  too, 
containing  oi^anic  remains,  some  of  which 
belong  decidedly  to  the  Llandeilo  forma- 
tion. (See  'Silurian  System,'  pp.  268, 
270,  274,  280,  283  et  seq.,  and  pi.  82. 
figs.  1,  2,  &  8.) 

The  special  Lingula  of  the  Stiper  Stones 
has,  it  is  true,  been  detected  in  numerous 


I- 

h 


^} 


*  These  fossils,  and  many  others  in  the  beds 
immediately  overlying  the  Stiper  Stones,  were  found 
by  Mr.  Gibos,  the  able  collector  of  the  Geolosical 
Surrey,  in  August  1856.  During  this  search,  I  re- 
examined the  northern  portion  of  my  old  eround, 
accompanied  by  Mr.  Gibbs,  and  had  the  satisfaction  to  detect  some  of  these 
Lingulae,  as  well  as  siliceous  flagstones  with  Scolithi,  in  an  integral  part  of  the 
Stiper  Stones  at  Eskridge,  near  lord's  Hill. 
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small  fragments  only;  and,  wliilst  the  rock  nnqnestionably  oocopies 
the  same  stratigraphical  position  as  the  liingnla  Flags  of  Wales, 
yet,  judging  fit>m  the  fragments,  it  appears  that  the  species  of  the 
Stiper  Stones  is  not  the  prevalent  L.  Davisii  of  the  Welsh  slates. 
When,  however,  we  recollect  the  extent  to  which  the  strata  of  the 
Stiper  Stones  have  been  altered,  and  the  rarity  and  broken  condition 
of  the  LingnliB  detected  in  them,  the  specific  differenoe  of  the  one  as 
yet  met  with  is  perhaps  of  no  great  importance;  for,  as  we  shall 
presently  see,  there  are,  in  Wales,  other  and  nndescribed  forms  of 
liingula  associated  with  the  L.  Davisii. 

Again,  it  is  to  be  borne  in  mind,  that  the  Stiper  Stones  are  not 
less  than  sixty  miles  distant  fix)m  their  equivalents  near  Tremadoc, 
and  that  in  being  carried  so  far  to  the  east,  the  deposit  has  become 
mnch  more  siliceous.  The  plam  tacts,  however,  are,  that  a  Lingula 
zone  in  Shropshire,  as  in  Wales,  lies  conformably  upon  the  Cam- 
brian  or  Longmynd  rocks,  and  in  both  tracts,  as  will  soon  be  shown, 
gradually  passes  up  into  beds  charged  with  the  same  Lower  Silurian 
species  of  organic  remains. 

lAngvla  Flags  of  Wales. — ^The  Lingoke  which  particularly  cha- 
racterize this  zone  were  for  a  long  time  unknown  even  to  Professor 
Sedgwick,  who  had  described  the  position  and  mineral  character  of 
the  slates  in  which  these  fossils  occur.  They  were  first  discovered 
near  Tremadoc  by  Mr.  Davis  in  1845 ;  and,  fit>m  their  general  simi- 
larity  to  some  forms  of  the  genus  found  abundantly  in  well-known 
Silurian  rocks,  he  then  termed  the  slates  which  contained  them 
Silurian^.  The  classification  followed  in  this  work,  which  groups  the 
LiTipiU  (and  Agnostus)  Flags  of  North  Wales  with  the  Lower  Silu- 
rian rocks,  was  first  adopted  by  the  late  Sir  Henry  De  la  Beche 
and  his  associates  of  the  Geological  Survey,  and  was  so  published 
in  all  their  works.  M.  Barrande,  M.  de  Vemeuil,  and  the  explorers 
of  the  paleozoic  rocks  and  fossils  on  the  continents  of  Europe  and 
America  have,  indeed,  adopted  the  same  classification. 

The  opposite  sectional  diagram,  drawn  by  Professor  Ramsay,  gives 
the  general  ascending  succession  both  to  Mod  Hebog  on  the  flanks  of 
Snowdon  on  the  north-west,  and  to  Cader  Idris  on  the  south-east. 
It  shows  how  on  each  side  of  an  axis  or  dome  of  the  Cambrian 
Tock  of  Harlech,  or  the  equivalent  of  the  upper  portion  of  the 

*  Quart.  Joum.  Geol.  Soc.  Load.  vol.  ii.  p.  70. 
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Longmynd,  there  is  a  zone  of  Lin^a  Mags^  and  how  each  of 
these  is  in  its  turn  overlaid  by  other  Lower  Silurian  deposits  with 
interlaminated  igneous  rocks.  The  order  in  North  Wales  is  there- 
fore similar  to  that  in  Shropshire^  as  exhibited  in  the  preceding 
woodcuts.  The  conformable  passage  upwards  from  the  basement 
rock  into  the  Lingula  Flags^  which  is  well  seen  in  several  other 
localities^  is  also  here  represented  as  observed  at  Barmouth. 


a  b  b 

b.  Linguls  Bohists  with  imperfect  transrene  slaty  deayage  (white  lines), 
a.  Qrits^and  schists ;  Longmynd  or  Cambrian  rocks. 

The  lower  portion  of  the  Idngula  Flags  in  North  Wales  is,  for 
the  most  part,  a  light  grey  and  arenaceous  schist  with  a  glossy 
surface,  which  rests  upon  black  slaty  schist. 

The  chief  fossil,  a  flat  bivalve  shell,  the  Lingula  Davisii,  as  figured 
in  the  following  woodcut  (4.  fig.  1),  has  a  covering  which  is  very 
homy,  and  only  slightly  calcareous;  showing  that  its  inhabitant  was 
suited  to  the  conditions  of  a  sea  whose  bottom  was  composed  of  mud 
and  sand,  and  which  contained  but  little  lime  wherewith  to  supply 
the  fabric  of  the  thicker  shell  of  other  moUusca.  It  is,  indeed,  a  re- 
marlrable  £eu^,  that  in  the  vast  thic^esses  of  the  inferior  or  unfossili- 
ferous  greywacke  before  adverted  to  (p.  23),  there  is  little  or  no  lime, 
and  scarcely  the  trace  of  a  shell ;  whilst  in  these  the  lowest  strata 
in  which  calcareous  matter  is  apparent,  it  has  only  occurred  in  such 
small  quantities  as  to  afford  a  very  thin  testaceous  covering  to  the 
few  auimalfl  of  this  early  zone  of  life.  We  shaU  presently  see  that 
when  the  Silurian  fi^una  became  abundant,  as  in  the  next  overlying 
strata,  it  was  accompanied  by  a  corresponding  development  of  lime, 
which  served  as  the  material  for  the  construction  of  the  shells  of 
the  imbedded  mollusks. 

In  ascending  through  the  different  stages  of  the  Silurian  system, 
it  will  also  be  seen  that  different  species  of  the  genus  Lingula 
occurred  most  frequently  at  those  intervals  in  which  there  was  a 
return  to  similar  sedimentary  conditions,  i.  e.  whenever  the  muddy 
sea-bottom  was  only  slightly  impregnated  with  lime. 

Trilobites,  or  the  earliest  crustaceans,  abound  infinitely  more 
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in  the  Silurian  than  in  the  next  overlying  system  of  rodLS^  and 
the  earliest  which  the  labours  of  geolc^ts  have  brought  to  light 
in  Britain  are  Agnostus^  Faradoxides'^^   and  Olenns;    a  species 

FOBSILB  (4).     LdTGITUL  FLA.6S,  NOBTH  WaLES. 


1.  T^^^g"^*^  Dayisii,  M'Coy. 

2.  OlenuB  micranu,  Salter. 

3.  Cmzbua  semiplicata,  Salter. 


4.  Agnostus  pinformis,  Linn., 
L  of  the  natural  ahape 


both( 

and  distorted  by  deayage. 

of  the  last-mentioned  genus^  O.  micruros,  Foss.  4.  f.  2,  having  been 
found  associated  with  the  Lingula  and  Agnostus  in  this  zone  as  it 
appears  in  Wales. 

Besides  these  fossils^  a  new  crustacean  of  the  Fhyllopod  or  Stoma- 
podt  tribe  was  found, — Hymenocaris  vermicauda.  A  figure  of  this 
crustacean  is  here  given,  from  specimens  in  the  collection  of  the 

Foesna  (5).    Lutoula  Flagb,  K.  Wales. 


I.  Hymenocarifl  Termicanda, 
Salter.  A  phjllopod  or 
Btomi^>od  crostaoean. 


2.  ParadozideB  Forch- 
hanuneri,  AngelinP 
Locality  unknown ; 

Srobably  from  Pen 
[oria    near     Tre- 
madoc,  N.Wales. 


Bestored  outline^  from  sereral  nearly  perfect  specimens 
from  Dolgelly. 


Geological  Survey.  It  is  plentiful  at  Dolgelly  and  Tremadoc,  in 
North  Wales,  associated  with  Lingula  Davisii.  Tracks  of  Annelides 
also  prevail,  as  in  the  rocks  beneath  and  above  the  Lingula  Flags, 
and  sometimes  are  of  considerable  size. 

*  Only  one  species  of  Paradoxides  (Foss.  5.  fig.  2)  has  yet  been  found  in 
Wales;  althoogn  the  specimen  is  imperfect,  Mr.  Salter  believes  it  to  be  identical 
with  P.  Forchhammeri,  of  the  alum  slates  of  Andrarum  in  Scania. 

t  See  Mr.  Huxley's  observations  on  the  Afi&nities  of  some  of  the  Silurian 
Crustacea,  Quart.  Joum.  GeoL  Soc.  vol.  xii.  p.  34. 
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In  beds  of  the  same  age,  near  Bangor,  have  been  also  found  two 
kinds  of  fiicoids,  one  of  which  is,  perhaps,  the  Chondrites  acutangulus, 
M'Coy;  the  other  is  a  new  species  of  the  curious  genus  Cmziana 
(Bilobites,  d'Orbigny),  Foss.  4.  fig.  8. 

With  the  Lmguke,  of  which  the  L.  Davisii  is  most  abundant  (the 
L.  lepis,  n.  sp.,  bdng  rare),  there  are  associated  in  the  lowest 
courses  of  these  flags  several  other  fossils,  of  which  the  Agnostus 
pisiformis  is  much  the  most  frequent;  being  also  characteristic  of 
this  same  band  in  Bohemia  and  Scandinavia.  To  the  eye  of  the  field 
geolo^st,  this  little  crustacean  seems  to  be  scarcely  distinguish- 
able from  the  Agnostus  of  the  overlying  Uandeilo  Flags  (PL  III. 
fig.  8),  in  which  deposit,  as  will  presently  be  seen,  there  is  a  similar 
association  of  Lingula  and  Agnostus.  The  L.  Davisii  and  A.  pisi- 
formis are  the  common  species  in  the  Lingula  Flags.  The  other 
fossils  above  quoted  (Paradoxides  and  Olenus)  are  rare  in  Britain''^. 

Small  species  of  Olenus  are  also  found  in  the  lowest  known  fossil 
strata  of  another  British  tract.  In  the  black  schists  on  the  western 
flanks  of  the  MalvemHills,  strata  which  I  had  termed  Lower  Silurian, 


1.  Olenns  humiliB,  Ph.  ■=— -j=a  _. 

2.  O.  biBulcatus,  Ph.  ^^^^^/=^  ip^^  Trilobita  from  the  Black 
8.  O.  Boarabeoides,  WahL  ?  ^t"'^^*  t  t=^  Schists  of  the  MaLyems. 
4.  Agnoatus  pisiformis,  L. 


Professor  Phillips  detected  three  species  of  this  genus,  viz.  O.  hu- 
milis,  Foss.  6.  f.  1 ;  O.  bisulcatus,  f.  2;  O.  scarabseoides  (O.  spinu- 
losus,  Ph.),  f.  8.  To  these  my  late  friend  Mr.  Hugh  Strickland 
made  the  interesting  addition  of  the  Agnostus  pisifonms,  Liim., 

*  See  Angelin's '  PalseontologiaScan-  those  of  Scandinayia,  as  indicated  in  the 

dinavica,'  Pan  I.  '  Regiones'  (or  stages)  of  M.  Angelin. 

Geologists  who  desire  to  oonsolt  a  Bv  reference  to  the  existing  distribution 
clear  and  comprehensive  view  of  the  of  submarine  animals,  he  satisfactorily 
ecjuivalents  of  the  British  zone  of  the  explains  why  the  s|)ecies  of  the  cnista- 
Lmgula  Flags,  or  Stiper  Stones,  as  ceans  and  other  aninuds,  which  are  de- 
well  as  the  whole  group  of  the  Silu-  tected  in  Silurian  tracts  not  distant 
rian  rocks  as  exposed  in  Bohemia  from  each  other  (the  strata  of  which 
and  Scandinavia,  should  read  a  memoir  were  simultaneously  accumulated),  often 
entitled  '  Parall^le  entre  les  D^6ts  Si-  differ,  though  the  generic  types  agree, 
luriens  de  Bohdme  et  de  Scandinayie,'  This  interesting  topic,  bearing  on  the 
by  M.  Barrande,  in  which  that  author  ancient  hydro^aphy  of  Europe,  will 
shows  the  exactparallelism  of  all  thebeds  be  reoonsidend  in  the  concluding 
of  his  Silurian  basin  of  Bohemia  with  Chapter. 
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F068.  6.  f.  4^  a  fossil  known  in  the  oldest  Silurian  schists  or  alum 
slates  of  Sweden.  And,  associated  with  it,  Olenus  is  found  in  the 
same  fossiliferous  stratum  in  Scandinavia,  resting,  as  at  Malvern,  on 
a  sandstone  in  which  no  other  remains  have  been  detected  excqpt 
fiiooids.  Again,  in  Bohemia,  on  the  same  low  horizon  of  life,  we 
meet  with  Agnostus,  Paradoxides,  Conocephalus,  and  other  trilobites, 
several  of  which  have  not  yet  been  discovered  in  our  islands*.  (See 
Chap.  13.) 

Upper  Lingula  Flags, — The  researches  of  Mr.  Salter  amid  these 
older  rocks  of  North  Wales  have  enabled  him  to  distinguish  the 
zone  just  described  from  another  and  superior  band,  intimately 
connected  therewith,  but  containing  some  new  species.  This  upper 
portion  of  the  Lingula  Flags  is  a  dark  grey  or  blackish  schist 
with  thin  layers  of  grit,  which,  whilst  it  also  contains  the  Lingula 
Davisii  and  the  Agnostus,  is  characterized  by  other  fossils,  such  as 
Conocephalus  invitus  (Foss.  7.  fig.  1);  Ellipsocephalus?  depressus 
(fig.  2) ;  Graptoporat  socialis  (fig.  8) ;  together  with  a  small  Orihis 
and  Olenus  alatus.  Beck,  a  Scandinavian  spedes* 

These  fossils  occur  at  Penmorfa  and  Y-Wem  near  Tremadoc, 
and  along  the  base  of  Moel-y-6est;   where  a  black  slaty  layer 

F06SILB  (7).    Ufpxb  past  of  the  Lutgula.  Flags,  K.  Walsb. 


1 .  Conocepbalos  inTitas,  Salter.         8.  Graptopon  sodaliB,  Salter ;  a  Biyoioon  allied  to 

2.  EUipsooephaluB?  depreesus,  Salter.    Feneetella,  and  the  oldest  yet  known  of  the  group. 

has  been  detected  in  this  zone,  whose  surface  is  covered  by  the 
Graptopora  above  noted,  showing  an  undisturbed  state  of  the  former 


^  See  tiie  admirable  work  of  M.  Bar- 
rande,  'Le  Bassin  Silurien  de  Boh6me/ 
— a  monument  of  the  talent  and  perse- 
verance of  the  author,  whilst  residmg  in 
a  foreign  land,  and  exhibiting  a  sur- 
prising combination  of  palseontological 
knowledge  with  an  accurate  delinei^n 


of  rocks.    It  is  a  most  remarkable  and 
truly  philosophical  monograph. 

t  A  newl^  discovered  generic  form, 
exceedingly  interesting  as  showing  a 
probable  connexion  between  the  Fenes^ 
tellidsD  and  Graptolites.  Its  texture  is 
homy. 
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sea-bottom.  Near  Maentwrog  and  Ffestiniog  the  same  bed  has 
been  traced,  overlying  the  lighter-coloured  and  more  arenaceous 
mass  of  the  Lingula  Flags,  and,  both  by  its  darker  colour,  and  by 
exhibiting  for  the  first  time,  in  the  series  of  strata,  a  Bryozoon  and 
an  Orthis,  together  with  the  Agnostus  pisiformis,  it  seems  to  be 
linked  on  to  the  lowest  part  of  the  Llandeilo  Flags,  into  which  it 
graduates  conformably. 

In  South  Wales,  the  Cambrian  or  Longmynd  rock  of  St.  David's 
is  also  seen  to  be  overlaid,  on  the  north-west  and  south-east, 
by  a  zone  of  flags  containing  the  Lingula  Davisu,  which  is  well 
exposed  in  Whitesand  Bay  (see  Map),  and  is  there  followed  on  the 
north-west  by  black  schists,  flags,  and  slates,  representing  the 
mass  of  the  Llandeilo  series.  Thus,  whether  we  examine  North  or 
South  Wales,  we  ascend  gradually  from  the  same  bottom  rocks  as 
those  of  the  original  Salopian  or  Shropshire  tract''^,  through  strata 
which  afibrd  the  earliest  well-defined  remains  of  animal  life. 

Llandeilo  Formation  in  Shropshire  and  adjacent  part  of  Mont^ 
gomeryshire. — ^Although  this  formation  obtained  its  name  firom  the 
town  of  Llandeilo  in  Carmarthenshire,  where  the  greatest  number 
of  its  characteristic  trilobites  were  collected,  let  us  first  describe 
it  in  the  district  of  Shropshire;  since  there  is  no  portion  of  the 
British  Isles  where  a  clearer  exposition  can  be  seen  of  the  ascending 
order  from  strata  containing  the  earliest  signs  of  former  life  up  into 
deposits  teeming  with  organic  remains.  The  subjacent  strata  which 
we  have  been  considering  do  not,  indeed,  rise  to  the  surfistce  at  or 
near  Llandeilo,  and  hence  the  description  of  the  formation  near  that 
town  is  deferred. 

During  my  early  researches  in  Shropshire,  I  observed  certain 
fossils  within  a  few  hundred  paces  of  the  Stiper  Stones,  but  many 
more  important  organic  remains  near  to  that  striking  ridge  have 
been  recently  detected.  In  addition  to  the  clear  and  symmetrical 
order,  which  is  there  exhibited,  we  now  indeed  possess  fossils  for  the 
perfect  elucidation  of  each  band,  as  we  proceed  upwards  from  the 
Stiper  Stones  to  the  other  Silurian  deposits  (see  the  sections, 
pp.  24  &  89). 

*  The  reaeupches  of  my  tucoeMon     rian  Region  proper  in  which  it  is  pos- 
Iiave  confirmed  my  observation,  that     sible  to  observe  strata  of  higher  anti- 
•   this  district  is  the  only  one  in  the  Silu-     qnity  than  the  Llandeilo  Flags. 
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The  strata  into  which  the  siliceous  grits  of  the  Stiper  Stones 
graduate  upwards  are  slightly  micaceous^  grey  flagstones^  usually 
weathering  to  a  brownish  colour^  and  alternating  with  more 
schistose  and  darker  coloured  beds.  On  the  whole^  they  are  of 
uniform  texture^  as  seen  in  any  of  the  deep  combes  which  indent 
the  western  side  of  the  ridge  of  the  Stiper  Stones'^.  Thus,  in 
the  transverse  opening  in  Lord's  Hill  near  the  Snailbatch  Ijcad 
Minet,  or  in  the  deep  hollows  of  the  Crow's  Nest,  Black  Hole, 
Mytton  Dingle,  and  Perkins'  Beech,  the  strata,  being  scarcely  at 
all  interfered  with  by  igneous  rocks,  are  observed  to  succeed  each 
other  with  the  utmost  r^^ularity;  all  having  the  same  strike  and 
dip  as  the  Stiper  Stones  on  which  they  rest.  Of  these  transverse 
sections,  that  of  Mytton  Dingle  is  certainly  the  most  expressive; 
for,  in  addition  to  the  great  depth  of  this  combe,  its  northern  side 
presents  a  series  of  lofty-pinnacled  rocks,  the  beds  of  which  are 
seen  to  dip  symmetrically  under  each  other  to  the  W.N.W.,  through 
a  thickness  of  not  less  than  3000  feet. 

The  points  nearest  to  the  Stiper  Stones  at  which  fossils  have  been 
collected,  along  the  western  face  of  the  ridge,  are  on  the  slopes  of 
Lord's  HiU,  near  the  adjacent  Chapel,  and  at  the  heads  of  the  combes 
called  Mytton  Dingle  and  Perkins'  Beech.  They  are  still  more 
abundant,  and  the  species  more  varied,  in  the  dark,  almost  blacky 
earthy  slates  that  overlie  these  flagstones  and  form  the  rising  ground 
to  the  east  of  the  Bog  Mine.  The  same  beds  are  richly  fossiliferous 
a  little  further  south  at  Bitton  Castle,  at  the  mining  ground  of 
Cefii-y-Gwynlle  to  the  west  of  the  southern  termination  of  the 
Stiper  Stones  caOed  Heathmont,  and  at  Disgwylfft  near  Snead. 
Similar  fossils  occur,  and  have  been  for  s(»ne  time  known,  in  undu- 
lations of  the  same  strata  considerably  to  the  west — as  at  the  White 
Ghrit  Mines. 

Considering  all  these  localities  as  belonging  to  one  and  the  same 
2one,  the  organic  remains  exhibited  in  the  following  woodcut  are 

*  See  Section  at  p.  24 ;  and  Map  of  dear  idea  of  the  age  and  sequence  of 

the  GeologicadSuiT^,  Sheets  6Q  and  61.  the  deposits.    The  associated  igneous 

t  The  rcHuler  who  desires  to  ohtain  rocks^  and  the  Tast  interpolated  sheets 

infonnation  respecting  the  Lead  Mines  of  volcanic  grit  which  begin  to  show 

of  this  tracts  whidi  occur  in  these  Lower  themselves  veiy  low  in  the  order  of  the 

Silurian  rocks,  must  consult  the  '  Silu-  strata,  and  particularly  in  this  tract  of 

rian^^Sjstem/  pp.  277  ^  seq.     In  this  Shropshire,  will,  however,  be  described 

woik  my  chief  object  is  to  present  a  in  the  next  Chxpter, 
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its  dominant  forms^  and  they  have  all^  it  will  be  observed^  a  true 
Lower  Silurian /ad«*. 

FossiLB  (8).    From  thb  West  Side  op  the  Stipeb  Stones. 

t4 


1.  Lingula  plumbea,  Salter.  2.  Cucullella  P  anglica,  id.  3.  Bedonia  P  oomplanata,  id. 
4.  Orihooeras  Avelinii,  id.  6.  Theca  simplex,  id.  6.  ^glina  binodosa,  id.  7.  Trmu- 
cleuB  MurchiBonii,  id.  8.  DidymograpBUB  geminus,  His.  9.  Encrinite  etem  (the  oldest 
known).    10.  Orthooeras  encrinale,  Salter. 

In  enumerating  these  fossils  it  will  be  seen^  that  some  valuable 
additions  have  been  made  to  the  few  forms  already  described. 
Thus,  to  the  Illsenus  perovalis  of  the  '  Silurian  System'  (PL  28.  f.  7), 
and  the  very  characteristic  species,  Ogygia  Selwynii  (Foss.  9.  f.  8) 
(fragments  of  which  much  resemble  the  O.Buchii),  have  been  added 
a  new  species  of  Trinucleus,  T.  Murchisonii  (Foss.  8.  f.  7),  and  the  very 
remarkable  ^glina  which,  from  its  invariably  presenting  a  double 
tubercle  on  its  third  body-segment,  has  been  called  M.  binodosa. 
Among  the  moUusks,  the  commonest  species  is  a  Lingula,  apparently 
special  to  this  metalliferous  district,  and  hence  termed  L.  plumbea. 
Besides  this,  there  are  the  well-known  fossils,  Orthis  alata  and  O. 
calligramma  (Sil.  Syst.),  and  these  are  now  seen  to  be  accompanied  by 
two  remarkable  new  species  of  B/Cdonia,  or  Cucullella  (f.  2, 8) ;  whilst 
the  several  species  of  Orthoceratites,  to  one  of  which  Mr.  Salter  has 
assigned,  at  my  request,  the  name  of  O.  Avelinii  (f.  4),  are  no  less 
important  augmentations  of  our  knowledge.  Again,  among  those 
characteristic  Silurian  animals  the  Graptolites,  besides  some  pre- 
viously recognized  species,  Diplograpsus  pristis  and  Didymograpsus 
Murchisonii,  we  find  both  the  divei^nt  and  reflexed  varieties  of  the 
Didymograpsus  geminus,  a  well-known  Silurian  species  in  Sweden 
and  Norway.  There  is  also  a  Fenestella,  or  Betepora?,  which  differs 
from  the  Graptopora  above  mentioned  (p.  47),  and  is  of  an  expanded 
cup-like  form ;  there  are  also  several  other  imperfect  fossils. 
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Other  species^  with  some  of  the  aboye-mentioned  forms^  are  found 
in  the  equivalent  strata  in  those  parts  of  Wales  to  which  attention 
win  be  soon  directed. 

On  the  western  flank  of  the  Stiper  Stones^  thia^  the  lowest  part 
of  the  Llandeilo  formation  contains  many  interstratified  bands  of 
igneons  materials^  being  what  were  termed  'volcanic  grit'  when  this 
tract  was  first  described,  but  now  more  currently  known  under  the 
term  of  '  Ashes/  Several  striking  courses  of  such  rocks  are  ex- 
hibited at  Cefii  y  Gwynlle  and  various  other  spots*.  These,  with 
bosses  of  igneous  rocks  of  intrusive  character,  the  chief  mass  of 
which  is  seen  in  the  Comdon  Mountain,  as  represented  in  the 
drawing,  p.  38,  will  be  described  when  the  succession  of  organic 
life  in  the  Llandeilo  and  Caradoc  formations  of  various  districts 
shall  have  been  explained.  Again,  this  district  is  eminently  metal- 
liferous, containing  many  lead-mines  which  have  been  worked  from 
the  time  of  the  Bomans.  Such  mineral  features  require  more  illus- 
tration than  can  be  given  to  them  in  the  present  volume;  and  on 
this  head,  and  for  aU  local  details  respecting  the  igneous  rocks, 
the  reader  is  referred  to  the  '  Silurian  System.' 

From  these  lower  strata  the  observer  ascends  into  a  thick  suc- 
cession of  flagstones  of  dark  grey  and  light  blue  colours,  in  parts 
calcareous,  such  as  those  which  compose  the  chief  mass  of  the 
Llandeilo  formation  (Section,  p.  24). 

These  beds  abound  in  trilobites; — Asaphus  tyrannus,  Ogygia 
(Asaphus)  Buchii,  and  Trinucleus  being  the  most  firequent ;  together 
with  Lingnlse,  Graptolites,  &c.  These  and  other  characteristic  fossils 
will  be  figured  in  a  woodcut;  they  are  also  seen  in  Plates  I.  II.  III. 
IV.  v.,  taken  from  the  '  Silurian  System.' 

The  characteristic  trilobites  also  occur  abundantly  in  flagstones 
around  the  town  of  Llandeilo  and  the  adjacent  parts  of  Carmar- 
thenshire and  Pembrokeshire,  as  well  as  at  Builth  in  Radnorshire, 
and  near  Llanrhaiadr  in  Denbighshire ;  but  the  beds  in  which  they 
there  lie  do  not  exhibit  the  relations  to  underlying  rocks  which  are 
so  clearly  exposed  in  this  district  of  Shropshire. 

Now,  all  the  strata  which  are  exposed  from  the  Stiper  Stones  in- 
clusive to  the  western  edge  of  this  Shjelve  tract,  or  to  the  villages 
of  Chirbury  and  Meadowtown  (Section,  p.  39),  and  which,  with 

*  See  detaUed  Map  of  Geol.  Survey,  Sheet  60. 

e2 

Digitized  by  VjOOQIC 


62  SILtJRIA.  [Chap.  Ill, 

the  interstratified  volcanic  ashes^  have  been  ascertained  by  the  Sur- 
veyors to  have  a  thickness  of  about  14,000  feet,  were  laid  down 
as  Lower  Silurian  in  my  earliest  publications,  from  the  year  1838 
onwards.  On  the  other  hand,  the  fossils  of  North  Wales,  now 
known  to  be  of  the  same  age,  had  not  then  even  been  detected^ 
much  less  described,  although  the  strata  of  the  tract  we  have  been 
considering  had  been  paralleled,  by  means  of  their  principal  organic 
remains,  with  the  Llandeilo  formation  of  Carmarthenshijrek 

The  Llandeilo  Formation  in  Wales. — Having  indicated  the  re- 
lations of  these  ^Black  Tnlobite  Flags^  to  the  subjacent  rocks  in  the 
typical  district  of  the  Silurian  Region,  let  us  next  consider  them 
in  those  parts  of  Wales  where  the  formation  is  laden  with  the  same 
characteristic  fossils,  and  surmounted  by  other  strata  which  are 
now  ascertained  to  be  the  equivalents  of  the  Caradoc  Sandfltone  of 
Shropshire.  In  North  Wales,  strata  similar  to  those  which  have 
been  described  on  the  west  flank  of  the  Stiper  Stones  (differing  only 
by  being  in  a  slaty  condition)  exhibit  a  like  passage  from  the  Lin- 
gula  Flags  into  the  mass  of  the  Lower  Silurian  rocks.  There,  the 
latter,  with  many  slaty  ash  beds,  occur  beneath  the  great  bands  of  the 
porphyritic  rocks  of  Arenig  and  Ffestiniog,  near  TremadoC^,  and 
at  Llanfaebhys,  S.  of  Carnarvonshire,  at  which  places  they  contain 
the  well-known  Silurian  fossils,  Orthis  calligramma  and  Diplograpsus 
pristis,  two  or  three  species  of  Lingula,  and  Ogygia  Selwynii,  the  spe- 
cies characteristic  of  the  beds  on  the  west  flank  of  the  Stiper  Stonesf, 
with  other  trilobites,  such  as  Asaphus  aflSnis  (M'Coy),  a  Trinudeus, 
and  several  new  species  figured  in  woodcut  (Foss.  9.  p.  53). 

Some  few  of  these,  e,ff.  the  two  species  of  the  new  genus  Ange- 
lina, together  with  Lingula  Davisii  and  L.  lepis,  Salter,  were  found 
by  their  discoverer  in  the  lowest  beds  of  the  zone ;  and  he  thinks  they 
may  be  more  accurately  classed  with  the  upper  portions  of  the  Lin- 
gula Flags.  The  Ogygia  scutatrix,  however,  found  with  them,  is  of  a 
genus  as  yet  unknown  in  rocks  lower  than  the  Llandeilo  Flags. 

The  chief  mass  of  the  Llandeilo  formation  is  not  well  seen 
around  the  bases  of  Snowdon  and  Cader  Idris,  as  surmounting  the 

*  Termed 'Tremadoc  Slates' by  Pro-  of  the  British  Association,  1852,  Bel- 

fessor  Sedgwick  in  1847.    None  of  their  fast ;  Transactions  of.  the  Sections,  p. 

fossils,  however,  were  described  until  57.     This  species  may  possibly  prove 

the  year  1851;  indeed  the  greater  part  to  be  identic»]  with  the  A.  Com^nsis 

were  found  by  Mr.  Salter  in  1853.  (Sil.  Syst,),  obtained  from  the  same 

t  Asaphus  Selwynii,  Salter,  Report  district'. 
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older  strata  or  Lingula  Flags.  Stratified  igneous  rocks  with  slates 
are  there  so  dominant  throughout  a  vast  thickness,  that  the  tf  pe- 
fossils^  such  as  Asaphus  tyrannus  and  Ogygia  Buchii^  have  not  yet 
been  detected,  although  some  associated  species  of  shells  occur  rarely. 

FossiLB  (9).    Fossils  ov  Lowsb  Llaitdsilo  Bocks  (N.  Wales). 


1.  Qgygia  Bcntatrix,  Salter.  2.  Angelina  Sedgwiokii,  id.  3.  A.  subannala,  id.  4.  Ga- 
lymene  parrifronB,  id.  6.  Homalonotus  bisulcatus,  id.  6.  ^glina  mndiB,  id.  7.  Tri- 
nndeoB  Gibbdi,  id.  8.  O^gia  Selwynii,  id.  9.  AgnoatuB  piBiformiB,  Wahl.  10.  Agnoa- 
tTi8,ii.sp.P  11.  Tiingiila  JJaYJaii,  M'Ooy,  in  a  oompresged  fonn.  12.  Orthis  calligramma, 
Dalm.  13.  O.  remota,  Salter.  14.  Theca  Taginala,id.  15.  Diplogn^us  prietis,  His.? 

On  the  eastern  flank,  however,  of  the  Berwyn  Mountains,  just  as 
at  Uandeilo  in  South  Wales,  the  formation,  though  slaty,  is  also 
characterized  by  its  o^anic  remains,  and  is  seen  (Section,  p.  62)  to 
pass  under  other  and  more  arenaceous  rocks  which  form  the  mass 
of  the  Caradoc  formation,  with  which  the  limestone  rocks  of  Bala  in 
North  Wales  have  been  identified.  The  dear  separation  of  the  Llan- 
deilo  firom  the  overlying  formation  of  Bala,  with  which  it  has  been 
till  now  associated,  will  be  dwelt  upon  in  the  sequel.  In  the  Shrop- 
shire district,  where  the  fullest  examples  of  the  lowest  Silurian  de- 
posits are  exhibited,  the  reader  will  see,  by  reference  to  the  coloured 
Map,  as  well  as  to  the  sections  previously  given,  that  the  Llandeilo 
formation  is  subtended  on  the  north,  south,  and  west  by  younger 
Silurian  deposits,  with  which  the  older  rocks  are  abruptly  collocated. 
To  this  break,  as  well  as  to  other  discordances  of  position,  attention 
will  be  called  in  other  Chapters;  it  being  now  desirable  to  conduct 
the  reader  to  spots  where  he  may  clearly  see  that  the  flags  con- 
taining Hie  Asaphus  tyrannus^  with  Graptolites  and  other  fossils, 
and  identical  in  their  contents  and  character  with  the  strata  of  the 
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Shelve  tract  in  Shropshire,  are  conformably  overlaid  by  masses, 
usually  more  arenaceous,  which  represent  the  great  body  of  the 
Caradoc  or  Shelly  Sandstone  of  the  Silurian  classification. 

In  South  Wales,  the  same  ascending  order  that  we  have  followed 
from  the  western  flank  of  the  Longmynd  and  in  North  Wales  has 
recently  been  observed,  and  it  may  be  conveniently  noticed  here. 

In  the  environs  of  St.  David's,  as  before  said,  purple  and  green  schists 
and  hard  grits,  formerly  identified  with  the  rocks  of  the  Longmynd,  and 
containing  traces  of  fucoids  *,  are  overlaid  in  Whitesand  Bay  by  slaty 
flagstones  (see  Map),  in  which  Lingula  Davisii  occurs,  the  same  as  at 
Tremadoc  in  North  Wales.  These,  the  lowest  fossiliferous  strata  of 
the  tract,  graduate  upwards  into  dark-coloured  schists  and  slates,  such  as 
those  observed  on  the  west  flank  of  the  Stiper  Stones ;  some  of  the  best 
preserved  trilobites  of  the  lower  portion  of  the  Llandeilo  Flags  having 
been  obtained  in  this  district.  Among  these  is  a  species  of  Ogygiat  very 
like  O.  scutatrix  (figured  at  p.  63),  Trinucleus  GKbbsii,  and  another  spe- 
cies ;  together  with  Agnostus  pisiformis,  so  abimdant  in  North  Wales. 
Again,  there  is  the  same  passage  upwards  into  black  schists,  with  trilobites 
and  graptolites,  as  at  Abereiddy  Bay,  where  the  planes  of  slaty  cleavage, 
as  represented  by  the  dark  tint  in  the  following  woodcut,  taken  from  the 
'Silmrian  System,'  coincide  with  the  layers  or  beds  containing  the  fossOs. 

This  GraptoUte  schist  is  chiefly  characterized  by  the  Didymograpsus 
Murchisonii,  Beck  (PL  I.  f.  1),  and  Calymene  duplicata  (Asaphus,  Sil. 
Syst.),  PI.  in.  f  6. 

LOWBB  SlLTTBIAir  BoCKS  IK  AXERBIDDY  BaT. 

(From  SiL  Syst.  p.  400.) 


Coincidence  of  Slaty  Cleayage  and  Bedding. 

To  the  south  of  this  locality  all  the  Silurian  rocks  are  much  obscured^ 
the  surface  being  to  a  great  extent  occupied  by  Old  Bed  Sandstone,  Car- 
boniferous Limestone,  and  Culm  (see  Map). 

In  South  Pembroke,  the  upper  and  chief  portion  of  the  Llandeilo  de- 
posit is  alone  exposed  in  the  cliffs  at  Musdewick  Bay,  where  it  contains 
the  Asaphus  tyrannus  and  Trinuclei.  The  black  schists  of  this  age  are 
there  insulated  by  a  powerful  dislocation,  which,  on  their  northern  side, 
has  placed  them  abruptly  in  contact  with  the  Old  Bed  Sandstone ;  whilst 
towards  Marloes  Bay,  or  southwards,  where  younger  Silurian  rocks  form 
*  Sil.  Syst.  p.  399.  f  Ogygia  pcltata,  Salter. 


Digitized  by  VjOOQIC 


Chap,  m.] 


LLANDEILO  B0CE£M9.  WALES. 


66 


the  difb,  the  rehitionB  are  obscured  bj  a  protruBion  and  oyerflow  of 
igneoua  rock,  chiefly  greenstone ti  as  in  this  diagram. 

Llaitdbilo  Schists  nr  Mvbcliwiok  Bat. 
(From  SiL  Syti.  pL  86. 1 11.) 


o.  Old  Bed  Sandstone. 


b,  Tiliindfiilo  SduBts. 


*  EruptiTe  Booki. 


In  quitting  the  dislocated  west  coast  of  Pembrokeshire,  and  ad- 
vancing firom  Haverfordwest  to  the  borders  of  Carmarthenshire,  the 
geologist  perceives,  that  the  npper  member  of  the  Llandeilo  forma- 
tion puts  on  a  much  more  calcareous  structure.  The  schists  and 
dark  roofing  slates  of  the  Precelly  Hills  have  graduated  into  calca- 
reous flags,  which  at  Llandewi  Felfiry  and  Lampeter  Felfiry  become 
thidL  argillaceous  subcrystalline  dark  grey  rocks,  traversed  by  veins 

FoesEU  (10).    Charaotbbistio  Fossils  of  thx  Llakdiilo  Flaob. 


1.  AflaphuB  tynnnns,  March.  2.  Ogrgia  Buchii,  Brongn.  8.  O.  PorUockii,  Salter. 
4  Stjgina  (Ogygia)  Murchuonisej  Muroh.  5.  Agnostus  MiKXJoyii,  Salter.  6.  Trinudeus 
fimbriatos,  Murch.  7.  T.  Lloydii,  id,  8.  T.  ooncentricus,  var.  i.  9.  Calymene  brevica- 
pitata,  PortL  10.  C.  duplicata,  Muroh.  10*.  Beyrichia  oomplicata,  Salter.  11.  Ghrapto- 
lithiiB  lobifenu,  M'Coy.  12.  G.  tenuis,  Portl.  13.  IMdhrmograpeus  Murchiaonii,  Beck. 
14.  IHplograpeus  teretiuBculus,  His.  15.  Orthis  alata,  Sow.  16.  O.  striatula,  Emmons. 
17.  Siphonotreta  micula,  M*Cot.  18.  Lingula  attenuata,  Sow.  19.  L.  granulata,  Phill. 
20.  L.  Samsayi,  Salter.    21.  Theoa  rerersa,  id.    22.  Nebulipora  favubsa,  PhilL 

of  white  calc  spar,  and  constituting  fine  masses  of  limestone.  These 
beds  are  lai^dy  worked  for  lime,  and  are,  as  far  as  I  know,  the  only 
Lower  Silurian  rocks  in  Wales  now  used  for  such  a  purpose.    The 

t  See  Map.  This  coast  and  the  dislocations  of  the  strata  will  be  subsequently 
described. 


Digitized  by  VjOOQIC 


66  SILURIA.  [Chap.  III. 

student  will  have  learnt  from  the  previous  pages^  that  throughout 
all  the  masses  imderlying  the  Llandeilo  formation  there  is  little 
calcareous  matter^  and  an  accompanying  deficiency  of  shelly  animal 
remains.  In  these  Llandeilo  rocks^  however^  the  original  conditions 
having  undergone  a  considerable  change^  many  more  fossils  occur. 
The  relations  of  the  strata  are  hefe  given. 

Section  at  Llaitdewi  Felfbt,  Pembbokxshibe. 
S.S.E.  N.N.W. 

c     b'      b       b'  b  62  c        bedB.  ' 

Underlaid  by  a  considerable  thickness  of  black  schist  {b),  and 
surmounted  by  other  strata  (c),  which  contain^  as  will  presently  be 
shown^  a  different  group  of  organic  remains  belonging  to  the 
Caradoc  or  Bala  formation^  the  massive  limestones  (6^)  of  this  sec- 
tion are  charged  with  the  Ogygia,  Asaphus,  Calymene^  Trinucleus, 
and  the  Lingula  attenuata  and  L.  granulata^  above  figured^  to- 
gether with  Leptsena  sericea^  Orthis  striatula^  and  the  well-known 
chain-coral^  Halysites  catenulatus^ — a  fossil  which  also  pervades 
all  the  superjacent  Silurian  limestones  of  Caradoc^  Wenlock^  or 
Ludlow  age.     When  the  limestone  thins  out^  its  position  is  some- 


Yisw  FBOH  Dykbtob  Fabk,  Llandeilo,  looking  to  the  Hills  above 
Gk)LDEN  Gbove.     (From  Sil.  Syst.  p.  347.) 

times  marked  by  lines  of  calcareous  concretions^  in  other  plkces 
by  fossils  only.     At  and  near  the  town  of  Llandeilo^  the  chief 
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member  of  the  formation  consists  of  calcareous  flagstones,  in  pait 
tme  limestones,  which  abound  with  the  above-mentioned  charac- 
teristic fossils.  Extending  northwards  to  Llangadock  and  south- 
wards to  Carmarthen,  the  Llandeilo  flagstones  rise  in  the  form  of 
a  broken,  elliptical  mass  firom  beneath  overlying  strata  on  both  banks 
of  the  Towy,  thus  marking  an  extensive  line  of  excavation  in  which 
that  river  flows. 

The  preceding  sketch  conveys  a  general  idea  of  the  outline  of  the 
country  in  which  most  of  the  Silurian  rocks,  firom  the  Llandeilo  in 
the  forq;round  to  the  overlying  formations,  are  exhibited.  The 
calcareous  flagstones  are  seen  here  on  both  banks  of  the  river,  and 
the  overlying  formations  in  the  distance.  The  forq;round  is  the 
beautiful  undulating  park  of  Lord  Dynevor,  and  the  chief  mansion 
beyond  the  valley  is  Gk>lden  Ghrove,  one  of  the  seats  of  Earl  Cawdor. 
The  distant  hills  are  composed  of  Old  Bed  Sandstone  and  the  lower 
members  of  the  Carboniferous  System. 

This  succession  will  be  better  understood  by  inspecting  the  an- 
nexed diagram,  taken  firom  one  of  the  large  horiMntai-  sections  of 
the  Grovennnent  Surveyors,  which  is  quite  in  accordance  with  my 
oldest  published  sections  across  the  same  tract. 

SscnOV  ITKAB  LlAHBSILO.     FbOM  TBI  LOWXB  SnUBIUr  TO  TUX  BDOX  or  THB 

cnuLiT  South- WxLBK  CoAirnxiiP. 

(Jh  this  diagram  the  spectator  is  sappoaed  to  be  piaoed  a  little  aooth  of  Llandeilo, 
lookiiig  north-east,  or  up  the  Vale  of  the  Towy.  Henoe  the  points  of  the  compass 
an  lerersed  in  reference  to  the  following  diagram,  p.  68.) 


h.  Llandeilo  flags  and  limestone,    h',  LlandeQo  sandstone,  &c.    d,  e.  Upper  Silurian 
rooks.   /.  (Md  red  sandstone,    g,  Carboniferoas  limestones    A.  Millstone  grit. 

Becently,  however,  the  construction  of  a  railroad  fix)m  Llanelly 
by  Llandeilo  to  Llandovery  has  laid  open  masses  of  sandstone  and 
schists  beneath  the  calcareous  flagstones.  This  section,  as  exhibited 
near  Pont  Ladies,  on  the  left  bank  of  the  Towy,  deserves  notice. 
There  the  following  beds  dip  to  the  E.  by  S.  at  an  angle  of  75°. 

1st.  Dark  schists  vrith  sandstone  courses  whioh  graduate  upwards  into 
thin  schists  with  nodules.  2nd.  Strong  bamds  of  bard  silioeous  light* 
coloored  grits,  altemstmg  with  thin  courses  of  black  shale  or  schist, 
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which,  predominating  upwards,  contain  some  remainB  of  trilobites. 
8rd.  Calcareous  grits  and  pebble  beds,  with  remains  of  OrthidaB  and 
corals,  followed  bj  schists  in  which  the  Asaphus  tyrannus  is  conspicuous, 
the  group  being  covered  by  hard  siliceous  grits,  the  masses  of  which  are 
full  of  annelide  trails  and  of  concretions.  4th.  Calcareous,  dark-coloured, 
finely  laminated  flagstones  and  schists,  similar  to  those  at  Llandeilo  and 
in  Dynevor  Park,  and  containiug,  together  with  Asaphus  tyrannus,  the 
following: — Calymene  breyicapitata^  Trinucleus  Lloydii,  Leptsna  se- 
ricea,  Orthis  calligramma^  &c. 

The  same  arched  arrangement  of  the  strata  is  traceable  to  Llan- 
gadock^  where  a  dome  of  grits  and  sandstone^  like  those  of  Pont 
Ladies,  emerges  from  beneath  the  superior  strata^  as  represented  in 
this  diagram. 

Sbotion  zteab  LLAiraiiDOOK.    Fsoic  thb  Loweb  SninuAir  to  thv  Old  Bbb 

Saitdstoitb. 

(The  spectator  is  looking  to  the  sonth-weBt.) 

S.B.  N.W. 

Triehrax  C«fni-fooh.t  TanynUt. 


b.  Undulations  of  Tilandeilo  sohists,  flags,  and  limestone,  with  interstratified  trap*. 
y,  Llandeilo  sandstones,  Ac.    d,  e,  Upper  Silurian.   /,  Old  red  sandstone. 

Of  like  age  also  are  the  grits  and  pebbly  beds  of  Mount  Pleasant 
and  other  places  opposite  Carmarthen,  from  whence  the  fossils, 
Orthis  alata,  Bellerophon  (Euomphalus)  perturbatus,  Nucula  Isevis, 
and  Stygina  (Ogygia)  Murchisoniae,  were  obtained  during  my  early 
labours  (1883-4$). 

Whilst  such  are  the  chief  features  of  the  Llandeilo  rocks  in  Car- 
marthenshire,  it  is  essential  to  remark,  that  certain  sandy  beds  on 
the  left  bank  of  the  Towy  (y),  ranging  by  Caim-goch,  which  were 
formerly  considered  to  be  Caradoc  Sandstone  (see  Sil.  Syst.  p.  354), 
are  now  known  by  their  imbedded  remains  to  belong  to  the  Llan- 
deilo formation.  Along  this  frontier  therefore,  notwithstanding  an 
apparent  conformity  (for  the  old  sections  published  in  the  '  Silu- 

t  Cwm-goch  is  a  remarkable  and  these  grita,  as  waUs  of  defence,  the  ends 

rather  larae  Bntish  fort,  in  which  the  of  the  entrenchment  being  blocked  up  bv 

defenders  have  availed  themselves  of  loose  fragments  of  the  stone, 

the  smooth  faces  of  asteep  anticlinal  of  J  See  Sil.  Syst.  p.  368,  and  pi  26 
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nan  System'  Bcarcely  differ  firom  those  of  the  Gkyvermnent  Snr- 
Tcyors)^  there  is,  it  appears,  a  hiatus,  as  determined  by  the  subse- 
qxient  labours  of  Bamsay,  Aveline,  and  Salter.  There,  on  the  left 
bank  of  the  Towy,  the  tme  Caradoc  group  (c)  is  omitted,  and  the 
Upper  Silurian  rodus,  with  a  feeble  trace  of  a  sandy  rock  contain- 
ing Pentamems  oblongus,  at  once  overlap  the  Llandeilo  formation. 
This  arrangement,  by  which  the  Caradoc  formation  is  excluded, 
extends  all  along  the  left  bank  of  the  Towy  from  the  environs  of 
Carmarthen,  by  Llandeilo,  and  is  prolonged  far  to  the  N.E. 

On  the  other  hand,  a  natural  exhibition  of  the  Caradoc  or  Bala 
rocks  is  seen  on  the  opposite  bank  of  the  river,  where  an  un- 
broken ascending  series  is  exhibited,  in  which  both  the  LlandeOo 
and  Caradoc  formations  are  exposed  in  conformable  apposition.  To 
the  north  of  Llandeilo,  the  calcareous  trilobite  flags  folding  over  to 
the  N.N.W.,  are  at  once  surmounted  by  a  great  thickness  of  fos- 
sQiferous  schists  and  sandstones  with  some  calcareous  courses,  which 
clearly  represent  the  original  Caradoc  Shelly  Sandstones,  to  be  de- 
scribed in  the  next  Chapter  f- 

Li  short,  the  Llandeilo  flags  and  schists  of  Pembrokeshire  and 
Carmarthenshire,  charged  with  the  same  characteristic  trilobites 
and  other  fossils,  emerge  everywhere  firom  beneath  overlying  de- 
posits, ofl;en  of  a  more  arenaceous  type,  which  are  of  the  age  of 
the  Caradoc  or  Bala  formation.  Li  Carmarthenshire,  the  Llandeilo 
flags  are  associated,  as  elsewhere,  with  igneous  rocks,  both  stratified 
and  eruptive,  though  not  on  the  same  scale,  or  of  that  clear  and 
demonstrative  character  which  is  exhibited  in  the  tract  of  Shelve  in 
Shropshire,  and  in  the  intermediate  district  between  Builth  and 
Llandegly .  By  reference  to  the  Map  it  will,  indeed,  be  seen,  that  it 
is  just  where  such  igneous  rocks  abound,  as  marked  by  bright  red 
colour  (*),  whether  in  Shropshire  or  in  Wales,  that  the  Llandeflo 
formation  (2^)  rises  prominently  to  the  suifiice,  through  the  sur- 
rounding deposits. 

t  To  the  north  and  west  of  the  Llan-  I  was   acquamted,  and  a  vast  t/o/y 

ddio  district,  and  all  along  the  west-  region  which  I  had  not  examined,  and 

em  frontier  of  the   Builth   country,  with  whose  order  and  fossil  contents 

the  houndary-line  of  m^  old  map  of  I  was  unacauainted;   though    I    be- 

the  Silurian  Besion,  wluch  separated  lieved  it  to  oe  of  older  date.    Hence 

the  Silurian  rocks  from  the  so-called  I  mapped  it  as  Cambrian,  as  well  as  all 

Cambrian  of  that  day,  was  purely  arbi-  the  region  to  the  west  and  north,  now 

traiy.    It  is  merely  to  be  regarded  as  a  known  to  be  younger  than  Llandeilo 

demarcation  between  rocks  with  which  Flags. 
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Thus,  in  proceeding  firom  the  Llandeilo  .tract  to  the  north-east, 
we  first  meet  with  decisive  eruptive  masses  of  porphyry  and  other 
rocks  at  and  near  the  Wells  of  Llanwrtyd  in  Brecknockshire,  and 
there  black  schists  and  flags  of  this  age,  often  highly  altered,  again 
prevail.  With  the  loss  of  calcareous  matter,  however,  the  schists  of 
Llanwrtyd  no  longer  exhibit  the  characteristic  trilobites  and  shells 
of  the  formation,  though  they  contain  some  graptolites.  There  the 
beds  are  so  slaty  and  crystalline,  that  the  highly  inclined  cleavage 
of  the  slates,  as  represented  in  the  foreground  of  the  following  sketch, 
is  the  only  feature  visible  to  the  unpractised  eye ;  the  real  strata 
undulating  or  dipping  at  a  much  less  angle,  as  represented  in  the 
sloping  bank  on  the  left  of  the  foreground  of  this  drawing. 

Llakwbttd  Wells. 
S.E.         (From  Sil.  Sjst.  p.  836.  See  also  woodcut,  Sil.  Syst.  p.  843.)       N.W. 


Lower  Silurian  slaty  rocks. 
View  in  a  combe  below  the  Baths  of  Llanwrtyd.    (From  a  drawing  by  Mrs.  Traheme.) 

When  viewed,  however,  on  the  grand  scale,  there  is  no  district 
more  explanatory  of  the  general  succession  than  this  very  tract 
between  Llandovery  and  Builth,  of  which  the  above  vignette  repre- 
sents a  part.  There,  if  the  spectator  stands  on  the  summit  of  the 
mountain  of  Esgair  Davydd,  above  the  Baths  of  Llanwrtyd,  he  over- 
looks a  wide  area  to  the  south-east,  and  has  beneath  his  feet,  and 
for  a.oertain  distance  before  him,  a  mass  of  the  lower  daty  rooks  now 
under  consideration;  whilst  in  the  dull  round  hiUs  of  the  middle 
ground  are  spread  out  the  Upper  Silurians  of  the  Mynydd  Bpyntand 
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Mynydd  BwIch-y-GroeBy  as  in  this  dia- 
gram. In  the  background,  the  Old  Bed 
Sandstone  is-seen  rising  to  the  Black 
Mountain  of  Hereford^  and  thence  into 
the  Fans  of  Brecon  and  Carmarthen,  the 
highest  mountains  in  South  Wales. 

In  the  hilly  district  extending  from 
Builth  on  the  Wye  to  Llandrindod  and 
IJandegly  (see  Map),  the  Llandeilo 
formation  again  rises  to  the  surface  in 
the  form  of  a  rugged  ellipsoidal  mass, 
throughout  which  igneous  rocks,  both 
stratified  and  eruptive,  prevaQ.  In  the 
sequel  it  will  be  shown  how  that  tract, 
as  well  as  the  district  of  Shelve  (both 
originally  described  in  the  'Silurian  Sy- 
stem'), present,  to  the  geologist,  physical 
features  and  rocks  similar  to  those  of 

I  •I'   the  grander  mountains  of  North  Wales. 

^  J  The  environs  of  Builth  and  Llandrindod 
afforded,  indeed,  a  very  large  portion  of 
the  fossils  originally  published  as  typical 
of  the  Llandeilo  rocks*. 

Whether  collected  at  WeBfidkl  and 
other  places  near  Builth,  or  in  the  flag- 
stones north  of  tiie  Garneddan  Hills,  the 
Ogygia  Buchii,  Ampyx  nudus,  Agnos- 
tus  Maccoyii,  and  ihe  Tiingula  attenuata 
are  found  in  abundance,  witii  beds  fiill  of 
Orthis  calligramma  and  other  charac- 
teristic shells. 

Near  Builth,  however,  as  in  the  west  of 
Shropshire,  there  is  no  equivalent  what- 
ever of  the  Caradoc  or  Bala  formation. 
This  omission  is  explained  in  these  two 

*  So  much  importance  was  attached  to  the 
locality  of  Builth,  that  in  an  early  memoir  (Proc. 
Geol.  Soc.  vol.  ii.  p.  23),  I  term^  the  depoat, 
'Builth  and  Llandeilo  FUigt.' 


Digitized  by  VjOOQIC 


62 


SILUBIA. 


[Chap.  ni. 


sections^  taken  from  the  publicatioiis  of  the  Survey^  which  represent 
the  Upper  Silurian^  with  an  occasional  thin  course  of  Llandovery 
rock^  reposing  upon  the  edges  of  the  Llandeilo  formation. 

Ukcovtobxablb  Bbijltiokb  OB  Llandbilo  Flaos  akd  Uppbb  Silitbiah. 

NXAE  BiriLTH. 

(Taken  from  Horisontal  Sections  of  the  GoTemment  Surrey.) 
S.E.  N.W. 

OwaunCate.  *^-  Ty«-y.Coedl,  ■•»  to. 


'\ 


S.E. 

MTiiydd  Aberaiw. 


^^ 


N.W. 

WeUfleld,iiMPrB«nth. 


b 


h.  Llandeilo  formation,  d.  Thin  oourse  of  Upper  LlandoTery  rocks,  the  Caradoc  or 
Bala  (o)  bein^  absent.  «.  Wenlock  rocks.  /.  Ludlow  rocks.  (In  the  lower  section 
the  omission  is  stlU  laiger,  there  being  no  trace  eren  of  the  Upper  Llandorery  rooks.) 
•  Trap  rocks. 

Again,  when  we  travel  westwards  firom  the  typical  tract  in  Shrop- 
shire (see  Map),  where,  as  already  shown,  the  Llandeilo  formation 
reposes  clearly  on  the  Stiper  Stones,  we  lose  all  traces  of  it  until 
we  reach  the  eastern  flank  of  the  Berwyn  Moimtuns ;  the  inter- 
mediate country  being  occupied  by  younger  deposits,  from  the 
Caradoc  or  Bala  formation  upwards, — thus  clearly  indicating  that 
various  parts  of  these  regions  have  been  subjected  to  powerful  local 
oscillations,  leaving  here  and  there  only  the  unbroken  segments  of 
the  whole  series  of  successive  deposits,  accompanied  by  the  oi^anic 
remains  peculiar  to  each. 

On  the  other  hand,  the  annexed  diagramf  represents  how  the 

Llakdbelo  Ain>  Cabadoc  Bockb,  E.  tlaitc  op  Bkbwtks. 
N.W.  SJB. 


TneC  w«tcnd  ^  the  TuwL 


b  y  e  e 

b.  Black  slates.    b\  Llandeilo  limestones  and  schists,    e.  Caradoc  sandstones. 

Llandeilo  formation,  consisting  of  black  slates  {b)  in  the  lower  part 
t  This  diagram  is  like  the  section  in  the  '  Silurian  System/  pi.  32.  f.  9. 
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and  of  oyerlying  calcareous  flagstones  {V,  occasionally  burnt  for  lime), 
occupies  the  eastern  slopes  of  the  Berwyn  Mountains,  as  exposed  in 
the  gorge  of  the  rapid  river  Twrcfa  at  and  bdow  Craig-y-Glyn,  and 
above  the  small  town  of  Llanrhaiadr.  The  masses  more  or  leas  cal- 
careous have  a  thickness  of  400  or  500  feet,  and  are  laden  in  their 
lower  part  with  Asaphus  tyrannus,  Encrinites,  and  Corals,  and  in 
their  higher  portion  with  Trinudeus  concentricus  (T.  Caractad,  Sil, 
Syst.),  Addaspis,  Leptiena  sericea,  Ortlus  turgida,  &c. 

All  these  strata,  perfectly  identical  through  their  fossils  with  those 
of  the  Llandeilo  formation  elsewhere,  dip  at  an  angle  of  about  25^  to 
the  S.E.,  and  pass  with  perfect  uniformity  under  that  series  of  shelly 
sandstones  which  undulate  over  this  picturesque  northern  portion  of 
Montgomeryshire.  The  latter  were  identified  during  my  early  re- 
searches with  the  mass  of  the  Caradoc  Sandstones. 

This  view  has  been  confirmed ;  the  Bala  limestone  and  associated 
beds  being  now  further  known  to  be  identical  with  these  overlying 
shelly  sandstones  of  the  vales  of  Meifod  and  of  the  Tanat*. 

The  distinctions  of  this  overlying  or  Caradoc  formation,  both  litho- 
logical  and  zoolc^cal,  will  be  described  in  the  next  Chapter.  It 
should  here,  however,  be  stated,  that  on  the  flanks  of  the  Berwyn 
Mountains,  as  in  the  valleys  of  the  rivers  Ffymwy  and  Tanat,  the 
Lower  Silurian  rocks  have  been  affected  by  a  transverse  slaty  deavage, 
firom  whidi  they  are  usually  exempt  in  the  typical  tracts  wherein 
the  Silurian  classification  was  established. 

In  thus  collating  all  the  results  of  those  explorations  of  Wales, 
which  commenced  with  the  labours  of  Sedgwick  and  myself,  and  have 
been  since  extensivdy  and  accuratdy  devdoped  by  the  Government 
G^logical  Surveyors,  we  learn  how  local  devations  have,  here  and 
there  only,  raised  to  the  surfiM^  the  strata  which  connect  the  broken 
succession  of  former  life.  When  the  Upper  Silurian  Bocks  shall 
have  been  described,  the  omissions  of  certain  deposits  in  some  parts 
and  their  attenuation  in  others  will  be  placed  in  tabular  apposition 
to  the  complete  series. 

Having  spoken  of  the  tracts  where  the  Llandeilo  schists  and  flags 
are  dearly  recognizable  ihrough  their  position  and  organic  remains, 
it  is  not  pretraded  that  a  line  can  everywhere  be  predsdy  drawn  upon 

*  Sil.  Syst.  p.  306  et  seq. 
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a  map^  between  them  and  the  Caradoc  formation ;  and  thus  on  the 
accompanying  Map  the  tint  2**  is  shaded  oflF  into  the  colour  of  2°. 
In  all  such  cases  of  junction  and  passage^  the  general  term  of  Lower 
Silurian  can^  it  is  obvious^  be  alone  with  safety  applied. 

lu  terminating  this  sketch  of  the  Llandeilo  formation^  a  few 
words  may  be  ofii^red  on  the  fossils  called  Graptolites^  already  par- 
tially adverted  to^  and  which^  wherever  they  are  founds  clearly  mark 
the  rock  to  be  Silurian.  They  occur^  indeed^  in  North  and  South 
America^  Britain^  Scandinavia^  Germany^  Russia^  France^  and  Spain. 
Abounding  in  the  lowest  strata  of  the  Llandeilo  formation  which 
graduate  downwards  into  the  Stiper  Stone  flags^  these  graptolites 
are  specially  abundant  in  the  very  tract  of  Shropshire  (Stiper  Stones 
to  Shelve)  on  which  such  stress  has  been  laid  as  affording  the  best 
illustration  of  a  large  mass  of  the  inferior  strata.    They  prevail^  in 

Fossils  (11).    Loweb  Silitbiak  Gbaptolites. 


1.  Baatrites*  peregrinTis,  Barr.  2.  Graptolites  SedgwickiJ,  PortL  8.  G.  priodon, 
Bronn.  (G.  Ludensis,  SiL  Syst.)  4.  Diplograpsus  pristis.  His.  6.  P.  nodoBUB,Hark- 
11688.  6.  D.  folium,  Hieing.  7.  D.  ramosus,  HalL  8.  Didymograpeus  sextans,  HalL 
9.  D.  Murchisonii,  Beck. 

fact,  throughout  the  Silurian  system  wherever  the  nature  of  the  sedi- 
ment has  been  &vourable  to  their  existence,  i,e,  in  purely  schistose 
and  argillaceous  strata,  or  the  finely  levigated  muddy  bottoms  of  the 
primeval  seas.  They  are  supposed  by  many  naturalists  to  have  been 
zoophytes,  nearly  allied  to  the  living  Yirgularia,  a  creature  known 
only  in  the  deeper  water.     Others  rather  consider  these  extinct 

♦  See  Geinitx  (Ventein.  Grauw.-For-  &c.),  under  the  name  Mono^apstu, 

mat.),  who,  for  the  sake  of  uniformity.  Recently,  some  forms  have  been  dis- 

groups  all  the  Graptolites  with  a  single  covered  in  Canada  much  more  complex 

row  of  teeth  (Graptolithus,  Rastrites,  in  structure  than  any  here  figured. 
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fonxiB  to  belong  to  Sertolarian  Zoophytes,  or  even  to  Biyosoa*.  Be 
this  as  it  may,  the  geologist  has  observed  that  they  are  found  eschi- 
nvely  in  the  Silurian  system  of  life.  The  whole  group  of  these  little 
serrated  fossils  has  been  called  Graptolithina,  and  has  been  divided 
into  about  four  genera,  as  represented  in  the  forgoing  woodcut. 

One  of  these  genera,  the  Oraptolites,  Foss.  11.  f.  2, 8,  has  teeth  or 
cells  on  one  side  only.  A  second,  the  Diplograpsus,  M'Coy,  f.  4, 
5,  6,  7,  is  distinguished  by  having  a  double  series  of  lateral  teeth. 
A  third,  Rastrites,  Barrande,  f.  1,  has  teeth  placed  like  the  first- 
mentioned,  but  not  so  crowded  together.  There  are  also  others, 
which  have  twin  branches,  f.  8,  9,  and  for  which  the  name  of  Didy- 
mograpsus  has  been  proposed;  one  of  these,  the  D. Murchisonii, 
f .  9,  is  the  most  characteristic  fossil  in  the  black  Idandeilo  flags  of 
Wales :  it  has  also  been  foimd  on  the  continent  (Cladograpsus  of 
G-einitz).  Some  of  these  forms,  as  published  in  the  'Silurian 
System,'  are  figured  in  PI.  1.  and  PL  12. 

The  Diplograpsi,  or  doubly  serrated  forms,  are  chiefly  character- 
istic of  the  Lower  Silurian  rocks;  D.  pristis,  Foss.  11.  f.  4,  and  D. 
foUaceus,  PI.  I.  f.  2,  being  ordinary  forms.  The  one-sided  species 
extend  from  the  Lower  to  the  Upper  Silurian. 

We  now  know,  that  one  of  the  species  of  this  group,  the  6.  priodon, 
Bronn,  or  O.  Ludensis,  Sil.  Syst.,  ranges  from  the  Llandeilo  forma- 
tion  to  the  Ludlow  rocks  indusiye,  having  been  named  Ludensis 
from  its  occurrence  in  the  uppermost  member  of  the  Silurian  series. 
Li  no  Paleozoic  rock  younger  than  the  Silurian  is,  I  repeat,  the  true 
graptolite  known.  Hence,  as  types,  they  are  most  important  to  the 
practical  geologist,  who,  in  exploring  many  strata  of  this  age  in 
Cumberland,  the  southern  counties  of  Scotland,  Ireland,  Central 
Gtermanytj  &c.,  meets  with  scarcely  any  other  fossils.  Li  Sweden, 
indeed,  graptolites  and  fiicoids  so  abound,  as  to  have  given  a  highly 
bituminous  character  to  the  lower  strata,  which,  being  also  largely 
impr^nated  with  iron  pyrites,  have  afforded  so  much  alum  as  to 
have  procured  for  them  the  name  of  Alum  slates. 

*  There  leemB  to  be  itrong  reaaon  onth^GraptoUteBofhisSilurtuiBanjiin 

for  entertaining  thiB  latter  new  of  their  Bohemia.  Dr.  Geinitz  has  lystematized 

affinities ;  see  also  above,  p.  47.  all  the  known  forms  of  Graptolites  in  a 

t  Dr.  Beck  of  Ck>penhagen  described  work,  iUustrated  by  clear  and  beautiful 

the  few  species  of  Graptolites  in  the  'Sil.  drawings,  entitled  'Die  Yersteinerungen 

Syst.'   M.  Barrande  has  since  published  der  Grauwacken-Formation  in  Sachsen.' 

a  most  elaborate  and  yaluable  treatise  Leipsic,  1862. 
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Whilst,  however,  the  mere  presence  of  a  graptolite  will  at  once 
decide  that  the  endosing  rock  is  SiluriaQ^,  it  is  only  by  finding  the 
genera  of  these  iiTiinm.lg  which  display  a  double  set  of  serratures,  as 
in  several  of  the  above  figures,  that,  in  the  absence  of  signs  of  the 
order  of  superposition,  the  field  observer  may  presume  he  is  ex- 
amining the  lower  division  of  the  system. 

*  It  will  be  seen  in  the  sequel  that  ajge  as  the  Ltngula  Flags  and  Stiper 
these  trae  Silorian  types  occnr  in  Noiv  Stones  of  Britain  or  the  wttom  beds  of 
way  and  Sweden  in  strata  of  the  same    the  series. 
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CHAPTER  IV. 

LOWSB  8ILUBIAK  BjOCKB—ictmUimeaf. 

THX  OAXAIXX;  VOBMA.TIOH,  OB  BHZLLT  AUrMTOHH  OV  OABB  OABADOO. — BMSnOLAlt 
CHAS&OTEB  AHD  OBDBB  DT  THX  TTFIOAL  BILITBIAV  TRACT  OT  BHBOPSHIBS. — 
OHIBV  OBAAmO  JUnCAHIB  AB  DIBTIKCtlTISHXD  VBOM  THOBS  OF  THS  LLAia»ILO 
TOB3CATION. — OBKAT.XAB8X8  OV  THS  BXJkTT  BOOKB  OV  WAIOB,  DTCLUBDra  THOa 
OV  BAIiA,  SHOWir  TO  Bl  THB  SQUIYAIOirTB  OV  THX  OAXADOC  OV  BHXOV8HIXX. — 
laXXOITB  XOCKS,  00T11CF0XAXX017B  AXD  BBUVTZVX,  OV  lOWXB  BILUUAV  AGX. 

That  certain  sandstones  and  shales  with  occasional  calcareous  or 
shelly  conrses  oterlie  the  schistose  rodcs  of  the  Llandeilo  formation 
in  Wales^  has  already  been  adverted  to  *.  But  before  we  pursue  their 
dear  and  consecutiye  relations^  let  us  view  those  masses  of  the 
same  age  in  Shropshire^  which^  with  their  fossils^  were  originally 
described  as  a  formation  younger  than  the  Uandeilo  Flags^  and  as 
underiying  all  the  Upper  Silurian  rocks.  For,  this  Caradoc  forma- 
tion and  its  characteristic  fossils  haying  been  described  and  named 
many  years  before  its  equivalents  in  Wales  were  brought  into  com- 
parison or  their  fossils  examined,  the  account  of  the  original  type 
naturally  precedes  any  other  description  of  strata  subsequently  as- 
certained to  be  of  the  same  age. 

In  Shropshire^  the  Caradoc  Sandstone^  so  named  from  the  ridge  on 
the  flanks  of  which  it  is  well  exposed,  is  cut  off,  as  formerly  shown, 
from  the  next  inferior  deposits,  or  Llandeilo  Flags,  by  powerfiil 
dislocations  and  by  the  intervention  of  the  Longmynd  (see  Map). 
Whilst  a  perfectly  symmetrical  ascending  order  occurs,  as  already 
stated,  on  the  west  flank  of  the  Longmynd,  from  the  Cambrian  into 
the  Lower  Silurian  rocks,  in  vain  do  we  look  on  the  eastern  side  of 
that  moTmtain  for  any  representative  of  the  Stiper  Stones  and  the 
great  Llandeilo  formation  of  the  Shelve  and  Comdon  tract  (pp.  88, 
89) .  The  steep  slopes  of  the  Longmynd  which  overhax^  the  valley 
of  Strettgn  exhibit,  as  already  shown  (p.  24),  the  escarpment  or 
lowest  beds  of  that  ^xormous  mass  of  anciait  sedimentary  rocks. 
(See  Map.) 

*  See  alBO  general  Bectkm  beneath  Map,  and  loeal  sectionB  (pp.  57, 62). 

f2 
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Immediately  to  the  east  of  that  valley  is  seen  the  line  of  a  power- 
ftil  faulty  the  vertical  dimensions  of  which  have  been  estimated  at 
not  less  than  2000  feet  (by  Professor  Bamsay)^  the  place  of  the  inter- 
vening strata  being  taken  by  igneous  rocks.  The  latter^  having  been 
erupted  at  a  period  long  after  the  formation  of  the  original  sedi- 
ments^ have  altered  the  schists  into  hard  clay  slates^  and  the  sand- 
stones into  quartz  rock.  These  igneous  and  altered  rocks  constitute^ 
indeed^  some  of  the  highest  points  of  the  Caradoc  HiUs.  The  an- 
nexed view^  taken  from  the  eastern  flank  of  the  Longmynd  by  Mrs. 


.^^^^ 


The  Lcwley.       Caer  Caimdoc. 


Hope  Bowdler  Broocard's  CmUc. 

The  Cabadoc  Bakoe. 


Stackhouse  Acton^  will  convey  to  the  reader  a  good  idea  of  the  out- 
line of  this  eruptive  ridge^  which  trends  from  the  hill  of  Ragleath  on 
the  S.S.W.,  to  the  Lawley  on  the  N.N.W. ;  the  intermediate  hills 
being  those  of  Hazlar  and  Helmeth ;  whilst  the  chief  and  loftiest 
central  mass^  or  that  of  Caer  Caradoc,  gives  its  name  to  the  whole 
range.  No  stronger  proof  of  the  great  break  which  here  occurs  can 
be  given  than  that  on  the  western  flanks  of  the  eruptive  ridge,  or  be- 
twe^i  the  Caradoc  formation  and  the  Longmynd,  a  large  mass  of 
Upper  Silurian  (Wenlock)  limestone  has  been  thrown  into  a  vertical 
and  insulated  position  at  Botville^ :  it  is  thus  wedged  i]\  between 
the  Caradoc  Sandstone  and  the  Longmynd  rocks — the  base  of  the 
whole  sedimentary  series  (see  the  following  woodcut). 

*  See  Sn.  Syrt.  p.  231,  and  pi.  31.  f.  4. 
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Striking  maaaes  of  the  altered  sandstone  are  exposed  at  Carding- 
ton^  HopeBowdler,  and  other  pUices,  and  this  small  general:  section 
explains  the  facts. 

BxLATioirB  or  Caxasoc  Savmtohs  to  tbx  Uffxb  Silubiav  Books  zv  Shbofshibb. 
K.W.  S.B. 


/ 

*  Eraptrre  rocks,  c*.  Owadoc  Nndstone  altered  bj  eniptiTe  rocks,  e.  Cbi»doc 
Formation,  sanuounted  bj  Pcntamenu  limestone,  a.  Wenlook  rooks.  0.  Ludlow 
rocks,  /.  Old  red  sandstone.    <{*.  Vertical  Wenlock  limestone  (BotnUe). 

But^  notwithstanding  all  the  disorder  and  change  resulting  both 
from  a  great  {axlt  upon  the  N. W.  and  the  protrusion  of  tiie  igneous 
rocks  of  the  ridge,  the  various  overlying  strata  which  compose  the 
great  body  of  the  Caradoc  formation  are  observed  to  succeed  each 
other  with  perfect  regularity. 

Proceeding  from  the  eastern  flank  of  the  eruptive  masses,  and 
receding  from  the  altered  strata  which  adhere  to  the  sides  of  the 
syenitic  greenstone,  felstone,  and  other  rocksf  forming  the  nucleus 
of  the  ridge,  the  fullest  and  clearest  exhibitions  of  the  overlying 
'  Shelly  Sandstones '  under  review  are  to  be  seen  in  any  transverse 
section  which  the  explorer  may  examine  as  he  proceeds  towards  the 
younger  strata  of  the  Wenlock  Edge. 

The  accompanying  sketch  (p.  70),  reduced  from  a  coloured  litho- 
graph in  the  original  work  (Sil.  Syst.  p.  217),  will  explain  better 
than  pages  of  description  how  these  stratified  deposits  constitute 
the  well-defined  hills  to  the  east  of  tiie  igneous  range. 

In  the  foreground  is  the  steep  flank  of  the  Caer  Caradoc  {*), 
and  beyond  it  to  the  left  is  the  Lawley,  or  north-eastern  end  of  the 
ridge :  the  Wrekin,  another  igneous  outbreak  through  the  Silurian 
strata,  being  on  a  difiisrent  parallel,  is  seen  in  the  central  distance. 
The  remainder  of  this  view  exhibits,  even  in  the  outline  of  the 
ground,  a  true  indication  of  the  succession  of  the  various  forma- 
tions as  first  defined  by  myself  in  the  years  1832-4. 

t  The  details  of  the  mineral  atrocture  sliffeaintoYarietieaofhornstoneysyenite, 

of  the  eruptiTe  rocks  of  Uie  Caradoc  and  greenstone ;  globular  concretions 

range  are  given  in  the  '  ^urian  Sptem.'  with  actinolite  are  not  unfrequent,  and 

The  predominant  rock  is  hard  pmkish-  coatings  of  quartz  rock  or  altered  sand- 

coloured  felspar  or  felstone,  slightly  stone  are  common  (see  Aikin,  Geol. 

porphyritic,  m>m  whidi  there  are  pas-  Trans,  i.  p.  210;  and  Sil.  Syst.  p.  226). 
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The  slopes  mariced  1^  1^  1^  constitate  the  chief  masses  of  the  Cara- 
doc  or  sheUysaadstone,  exposed  in  a  thickness  of  several  thonsandfeet. 


Candoe.      Lawkj. 


WcBlock  UgCb  Ac 


Yixw  raoM  THX  Ejlbt  sidb  or  Caib  Cabadoo  (Sfl.  Syst.  p.  216). 

The  thin  zone^  to  which  the  figure  2  is  nSxedi,  is  a  band  formerly 
connected  with  the  Caradoc  strata^  but  whose  intermediate  relation 
to  the  rocks  below  and  above  it  will  be  explained  in  the  next  Chap- 
ter; 8  stands  for  the  Wenlock  shale  and  limestone  displayed  in  the 
Wenlock  Edge;  whilst  4  represents  a  part  of  the  distant  overlying 
Lndlow  rocks.  The  spectator  has  thus  before  him  at  one  glance^  a 
lai^  portion  of  the  Lower  Silurian  rocks^  a  thin  intermediate  sone^ 
as  well  as  the  overlying  Upper  Silurian;  and  all  within  the  range 
of  five  miles  fix)m  N.W.  to  S  JS.  The  remote  flat  country  to  the 
left^  or  to  the  north-east  and  norths  is  composed  of  Carboniferoas 
rocks  and  New  Bed  Sandstone. 

The  real  order  and  thickness  of  the  strata  exhibited  in  the  sketch 
can^  however^  be  best  understood  by  presenting  to  the  reader  a 
detailed  geological  section  across  the  same  typical  district. 


N.W. 

Uvkj.   HovSdit.   ChafewaU. 


BBLAnoiTB  or  THB  Cailadoo  FoBKATioir,  Shsopbhibs. 


SjB. 


*         a     h         e       d  d  e  f 

*  I^gneotiB  rooks,  a.  Sandy  shales,  h.  Hoar  Edge  grits,  e.  Shales,  d,  d,  Shellj 
sandstones,  e.  Cheney  Longrille  flags.  /,  Trinudeus  shales,  h.  Pentamems  lime- 
stone, .t.  Wenlock  shale. 

(From  the  large  horisontal  section  of  the  QoTemment  Smrej  made  by  Mr.  Ayeline.) 


The  strata  which  compose  the  great  mass  of  the  formation  to 
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which  the  name  of  Caradoc  Sandstone  was  asaigned  aueceed  eadi 
other  in  the  following  oider.  The  kweat  beds^  which  are  deaily 
expoaedj  dipping  away  fiom  the  intnuiye  rock  {*),  are  aandy  shalea 
{a),  with  some  couneB  of  aheUy  eandatone^  in  part  a  baatard-Iime- 
atone,  which  riae  to  the  snifiM^  in  the  hilly  gronnda  of  Actdn  Bur- 
nell^  and  are  thence  prolonged  by  Frodealey  to  the  Lawley^  or  the 
terminating  hill  of  the  emptive  ridge.  From  that  point  to  the  yalley 
(Ape  Dale)  nnder  Wenlod^  Edge  the  BucoeBsion  of  the  strata  is  dear. 
The  lowest  beds,  or  sandy  shales  (a),  haye  been  hollowed  out  into  a 
yaUey.  The  next  overlying  strata,  asseen  in  thesketch  and  section, 
consist  of  light-colonred^  yellowish^  siliceons  sandstones^  in  part 
coarse  grits  {b  in  the  Section),  which  occapy  the  sharp  ridge  called 
the  Hoar  Edge,  along  which  they  are  extensively  qnamedj  and  are 
seen  to  plnnge  at  high  angles  to  the  south-east. 

Another  yaOey  sacceeds,  which  has  been  excavated  in  softer  and 
more  ahaly  beds  (c).  These,  resting  npon  the  siliceous  rocks  of  the 
Hoar  Edge,  dip  nnder  a  second  sandstone  ridge  {d)j  which  extends 
byChatwaUandEnchmarshtoSoiidley.  These  last-mentioned  sand* 
stones  (d)  contain  layers  of  fossil  shells,  which  occasionally  so  abound 
as  to  conyert  some  of  the  beds  into  impure  limestones.  Their  pre- 
Tailing  odour  is  a  dirty  dull  or  purplish  red,  but  they  are  occasionally 
yariegated  with  brownish,  yellowish,  and  greenish  tints.  In  some 
quarries  not  far  fiom  Acton  Scott  they  are  striped  in  ribbon  frshion 
vfith  dark  red  and  light  green  layers;  and,  being  here  and  there  also 
spotted,  they  thus  resemble  both  the  Old  and  New  Bed  Sandstones 
of  long-subsequent  eras.  Along  the  ridge  of  Endmiarsh,  or  at 
Soudley,  they  are  extensiyely  quarried  for  use,  and  are  as  easily 
worked  as  many  fireestones  of  the  younger  formations,  reckoning 
firom  the  carboniferous  sandstones  upwards.  They  are  therefore  yery 
peculiar,  as  long  ago  remarked  t>  in  being  the  oldest  strata  of  Britain 
which  present  such  a  comparatiy dy  recent  lithologicd  appearance- 
one  entirdy  differing  from  anything  to  which  the  word  'grauwacke' 
had  ever  been  applied  by  geologists.  And  yet^  notwithstanding 
their  soft  and  sectile  character,  these  Caradoc  sandstones  are  laden 
with  a  profusion  of  fossils  of  the  same  spedes  as  occur  in  the  hard, 
slaty,  ai^illaceous  rodu  of  large  r^ons  of  Wales,  with  which  they 
were  truly  identified  in  a  few  tracts,  at  the  period  of  the  publication 
t  Sii.  Sytt.  pp.  216-222. 
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of  the  '  Silurian  System*/  In  short,  these  shelly  sandsfones,  so 
near  to  the  Wenlock  Edge,  and  so  clearly  overlaid  by  a  fiill  Upper 
Silurian  series,  form  essentially  a  vast  portion  of  the  same  great 
Lower  Silurian  division  to  which  the  preceding  chapters  have  been 
devoted,  and  whose  strata  iu  a  more  crystalline  and  slaty  sta^  ar§ 
spread  over  such  large  tracts  of  Wales.  The  manner  whereby  tiiis 
result  has  been  fiilly  worked  out,  amidst  the  difficulties  of  so  com- 
plicated a  region,  is  one  of  the  greatest  triumphs  of  my  successors 
in  that  diversified  Silurian  field. 

A  great  thickness  of  these  shelly  sandstones  is  exposed  in  the 
sides  of  the  steep  lanes  leading  down  from  the  ridge  of  Enchmarsh 
and  Chatwall  to  Cardington,  near  to  the  last  of  which  places  their 
uppermost  or  flag-like  finely  laminated  courses  {e)  have  recently  been 
laid  open  at  Grettonf.  There,  a  vast  abundance  of  characteristic 
fossils  have  been  obtained;  nearly  all  of  them  beiug  forms  equally 
weU  known  in  the  Bala  rocks  of  North  Wales.  These  beds  (c)  were 
formerly  designated  Cheney  Longville  Mags,  firom  their  being  well 
exposed  at  the  hamlet  of  that  name  on  the  right  bank  of  the  river 
Onny.  They  graduate  upwards  into  earthy  beds  or  shales  (/),  which 
in  this  district  are  laden  with  the  well-known  trilobite  JYifiucleua 
Caractaci%,  This  beautiful  fossil  is  found  from  the  base  to  the 
summit  of  the  formation,  and  was  named  by  me  after  the  old  British 
King  and  the  adjacent  ridge  that  still  bears  his  name.  Other  sec- 
tions across  the  strata  enumerated  may  be  observed  in  other  traverses 
of  the  same  district.  The  clearest  of  them,  as  exposed  upon  the  banks 
of  the  Onny,  between  Horderley  on  the  north-west,  and  Wistanstow 
on  the  south-east,  was  given  in  detail  in  my  earliest  work.  It  is 
enough  to  recapitulate,  that  the  lower  of  the  sheUy  sandstone  masses 
to  which  we  have  been  calling  attention,  exhibiting  courses  of  cal- 
careous grit  ranging  from  Horderley  to  Gorton,  were  described  as 
containing  the  Orthis  flabeUulum^  O.  vespertilio,  O.  unguis,  Stro- 

*  The  sandstones,  &c.  of  Welsh  Pool,  %  This  fossil  is  now  tenned  Trinu- 

and  of  the  valleys  of  the  Tanat  and  dens  concentricus ;  it  having  been  since 

Ffymwy,  were,  together  with  the  Meifod  ascertained,  though   unknown  to  me 

rocks,    unhesitatmgly   identified    with  when  I  first  proposed  the  above  name, 

these  Caradoc  Shelly  Sandstones  (Sil.  that  Mr.  Eaton  of  the  United  States  had 

Syst.  pj).  302-307,  and  pi.  32.  f.  9).  described  it  as  T.  concentricus,  shortly 

t  This  quarry  was  not  opened  when  before  I  published  my  work.   The  Trin. 

I  preoared  the  '  Silurian  Sjrstem,'  and  tessellatus  of  Green  is  €iit  same  species ; 

was  about  to  be  filled  in  when  I  visited  and  it  has  also  received  other  names 

the  tract  in  1B56.  from  paleontologists. 
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phomena  ezpaii8%  Crinoids^  and  Trilobites ;  whilst  the  superior  beds 
were  said  to  abound  in  different  Orthidsj  particularly  O.  Actonise 
and  O.  (Strophomena)  grandis^  and  Trinucleus  Caractaci.  The 
Soudley  and  Enchmarsh  beds  of  freestone  were  shown  to  range  to 
the  Long  Lane  and  other  quarries  of  sandstones  with  calcareous 
courses. 

The  upper  beds^  which  at  Cheney  LongviUe  pass  up  into  sandy 
shale,  were  described  as  very  fine-grained,  slightly  micaceous  sand- 
stone, of  green  and  dingy  oliye-green  colours,  in  beds  of  one  to  six 
inches  thick,  and  as  enclosing  here  and  there  shelly  calcareous 
courses,  or  impure  limestones.  Looking  to  the  composition  of  these 
beds,  and  others  lower  in  the  series  and  nearer  to  the  eruptive  ridge, 
I  inferred  that  some  of  them  must  have  been  deposited  in  a  sea 
rendered  turbid  by  volcanic  action,  so  as  to  form  strata  which,  if 
fossils  were  excluded,  mineralogists  would  term  sandy  day-stone.  I 
then  also  stated  that  they  constituted  the  last  lithological  term  in 
that  series  of  volcanic  rocks  of  which  a  description  will  be  given  at 
the  end  of  tibis  Chapter. 

The  remains  of  fossils  often  so  abound  as  to  render  some  of  the 
courses  shelly  limestones;  these  have  occasionally  been  burnt  for 
use,  and  are  known  to  the  workmen  of  the  neighbourhood  as 
''  JacoVs  Stones.''  When  the  calcareous  matter  is  difiused  in  smaU 
particles  through  the  mass,  the  rock  becomes  a  hard  calcareous  grit, 
usually  of  a  whitish  drab  colour,  breaking  under  the  hammer  with 
a  conchoidal  and  lustrous  fracture.  On  the  banks  of  the  Onny, 
between  Horderley  and  Wistanstow,  there  is  also  a  band  of  impure 
limestone,  formed  however  chiefly  of  quartzose  pebbles  cemented 
by  lime. 

The  recent  cuttings  along  the  Hereford  and  Shrewsbury  rail- 
road have  laid  open  hillocks  of  the  formation  between  Church 
Stretton  and  Marsh-Brook.  These  rocks  consist  of  purple  and 
red  earthy  sandstones,  in  parts  micaceous,  with  partings  of  green 
earth,  some  courses  of  the  shelly  beds  or  ''  Jacob's  Stones,"  and 
brown  caldferous  grits.  Near  Church  Stretton  the  rock  is  earthy 
and  incoherent,  and  in  it  is  Diplograpsus  pristis,  Foss.  11.  f.  4, 
a  common  Lower  Silurian  graptolite,  which  occurs  in  the  Bala 
schists  in  many  parts  of  Wales.  This  variety  of  the  sandstone  is 
concretionary,  exfoliates  into  balls  on  weathering,  and  is  full  of 
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irregular  joints^  the  surfaces  of  which  are  coated  wHh  a  fihn  of  the 
indigo-coloured  oxide  of  iron  so  common  in  the  Ludlow  rocks. 

Some  of  the  most  characteristic  fossils  of  the  formation  are 
given  in  this  woodcut. 

Cabadoo  Fossils  (12). 


I.  Oalymene  Blnmenbachii.  2.  Homalonotiis  bisnlcatus,  Salter.  3.  Fhaoops  tnmoato- 
oaudatus,  Portl.  4.  Tentaculitee  anglicnB,  Salter.  5.  Lingula  Gnimeiia»  Phill.*  6. 
Orthifl  tc»tudmaria,  Dalm.  7.  O.  yeepertilio.  8.  Strophomena  tenuistriata.  9.  S. 
grandb.  10.  Bellerophon  bilobatus.  11.  B.  nodosns,  Salter.  12.  Orthonota  naeuta, 
Conrad.  13.  Nebulipora  lens,  M'Coy.  14.  Diplograpsus  pristis,  His.  15.  Qrapto- 
lites  priodon. 

In  addition  to  the  aboye,  the  following  characteristic  fossils  are  figured  in  Plates  6  to  7, 
or  in  the  woodcuts  of  the  next  chapter : — Orthis  elegantula;  O.  flabellulum ;  O.  Ac- 
toniffi;  O.  adligramma  (virffata,  Sil.  S^st.)  ;  Strophomena  expansa ;  S.  spiriferoides, 
M*Coy ;  Leptflsna  sericea ;  Modiolopsis  orbicularis  (Ayioula,  SO..  Syst.)  ;  M.  modio- 
laris,  Conrad ;  M.  obliqua ;  Bellerophon  acutus ;  Phaoops  conophthalmus,  Eiohw. 

The  species  with  no  author's  name  attached  are  published  m  the  *  Silurian  System.' 

Other  fossils  which  abound  are  represented  in  Plates  5  to  7 
of  this  work^  and  are  exact  reprints  of  the  figures  published  as 
original  Caradoc  types  from  this  district.  Among  them^  the  geo- 
logist who  may  have  explored  North  Wales  will  perceive  the  fossils 
which  occur  in  many  parts  of  that  region^  including  the  casts  of 
Brachiopods  which  he  may  have  collected  firom  the  summit  and 
slopes  of  Snowdon. 

In  the  lists  of  fossils  given  in  the  memoir  by  Salter  and  Aveline  on  the 
Caradoc  Sandstone  (Joum.  G«ol.  Soc.  Lond.  vol.  x.  p.  62),  we  find  that 
the  Trinudeus  Caractaci  (Sil.  Syst.)  ranges  from  the  lowest  to  the 
highest  beds.  The  Hoar  Edge  grits  contain  Phacops  apiculatus,  Salter, 
Homalonotiis  rudis,  id.,  Beyrichia  complicata,  id.,  Orthis  Actoniffi,  O.  fla- 

*  The  Lingula  crumena,  f.  5,  has  been  placed  in  the  above  woodcut  by  mistake; 
it  belong  to  the  overlying  Llandovery  rocks,  into  which  the  Caradoc  passes 
upwards  in  S.  Wales. 
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beUuluin,  O.  TespeztQio,  O.  teBtudinaria,  and  O.  caUigmnina,  moit  of 
theee  being  species  described  in  tbe  *  Silurian  System '  as  typical  of  the 
Oiradoc  formation.  With  tbem,  bowever,  is  associated  ^  Calymene 
Blumenbachii,  so  common  in  tbe  ITpper  Silurian  division. 

Two  trilobites^  higbly  characteristic  of  this  Eone,  whether  in 
Shropshire  or  N.  and  S.  Wales^  which  were  omitted  in  my  farmer 
work,  are  given  in  this  woodcut. 
The  Trinudeus  seticomisy  Hisin- 
ger  (f.  1,  2),  is  found  wherever 
the  Caradoc  rod:s  take  on  a  cal- 
careous or  shaly  character.  The 
Phacops  apiculatus^  Salter  (f.  8)^ 
on  the  other  hand^  was  a  denizen 
of  sandy  submarine  ground,  and  is  plentiful  in  the  sandstones  of 
Shropshire  and  North  Wales. 

Ascending  to  the  higher  strata  through  courses  of  the  freestone  above 
noticed,  in  which  some  of  the  same  Ortbidie  occur  with  other  forms,  we 
reach  l^e  thin-bedded  Cheney  LongviUe  flags  of  my  earlier  sections. 
Ajt  one  or  two  localities  where  this  zone  appears  at  the  surface,  and 
chiefly  at  Gretton,  the  following  copious  list  has  been  made  out,  nearly 
all  the  species  being  also  known  in  the  Welsh  mountains  around  Bala, 
or  on  the  summit  of  Snowdon,  Ac    Those  marked  *  are  most  abundant. 

Acidaspis  Caractaci,  n.s. ;  Calymene  Blim&enbacbii* ;  Homalonotus 
bisulcatus* ;  Fhaoops  truncato-caudatus* ;  P.  conophthalmuB* ;  Lichas 
laxatus ;  BLmus ;  TentacuHtes  anglicus* ;  Serpulites ;  Comulites  serpu- 
larius;  Orbicula  elongata  (Portl.) ;  Orthis  vespertiHo* ;  O.  elegantula* ; 
O.  Actoniffi ;  O.  biforata ;  Strophomena*  resembling  S.  grandis ;  S.  tenui- 
striata* ;  S.  bipartita* ;  LeptsBua  sericea* ;  L.  transversalis* ;  Modio« 
lopsis  orbicularis* ;  Nucula  varicosa* ;  Murchisonia  simplex ;  Turbo  cre- 
bristria ;  Conularia  Sowerbyi ;  Bellerophon  bilobatus* ;  B.  acutus* ;  an 
Orthoceras ;  with  a  profusion  of  fragments  of  Encrinites,  Bryozoa^  and 
several  Corals,  of  which  the  Stenopora  fibrosa  and  Nebulipora  favulosa 
(var.  lens)  are  the  most  frequent. 

The  uppermost  band  strictly  belonging  to  this  formation  has  been 
called  the  Trinudeus  Shales.  It  is  still  charged  with  the  prevailing 
Trinucleus  Caractad  (concentricus,  Eaton),  and  the  Lower  Silurian 
brachiopod  Leptaena  sericea,  with  Orthis  elegantula,  Nucula,  &c. 

In  working  out  the  dassification  first  propounded  in  the  '  Silurian 
System,'  I  also  grouped  with  the  Caradoc  formation  certain  beds 
of  pebbly  grits  and  impure  earthy  limestone,  which,  overlying  the 
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great  mass  of  the  inferior  shelly  sandstone  of  Shropshire^  are  seen 
to  pass  under  the  Wenlock  formation.  Whilst  in  the  first  edition 
of  this  work  I  pointed  out  a  discovery  made  since  my  early  survey 
in  regard  to  the  physical  relation  of  these  strata  to  the  inferior 
rocks^  I  still  held  to  the  opinion  that  th^  ought  rather  to  be 
grouped  with  the  Lower  than  the  Upper  Silurian  rocks^  and  hence 
I  spoke  of  them  as  Upper  Caradoc.  A  re-examination  of  tracts  in 
South  Wales^  where  these  deposits  are  more  fuUy  developed  than 
in  Shropshire,  has  led  me  to  consider  them  as  a  formation  inter- 
mediate between  the  two  great  groups  of  Lower  and  Upper  Silurian, 
and  as  connected  through  their  organic  remains  with  both.  They 
will  therefore  be  described  in  the  next  Chapter  under  the  name  of 
'  Llandovery  Rocks.' 

Caradoc  or  Bala  Formation  in  Wales. — ^Adopting  the  belief  pre- 
valent among  geologists  when  the  Silurian  classification  was  pro- 
posed, that  the  slaty  and  crystalline  rocks  of  Wales  were,  as  a  whole, 
of  older  date  than  the  softer  mud-stone  rocks  on  the  east,  the  greater 
part  of  the  former  were  referred,  without  proofe  of  infiraposition,  to 
an  older  class  of  deposits.  That  erroneous  view  was  indeed  aban- 
doned very  shortly  after  the  publication  of  the  'Silurian  Sjrstem,'  or 
seventeen  years  ago, — i.e.  as  soon  as  it  was  ascertained  that  the 
fossils  of  Snowdon  and  Bala  were  identical  with  those  of  previously 
described  Silurian  rocks. 

A  careftd  comparison  of  the  fossils  of  North  and  South  Wales 
with  those  of  the  Caradoc  sandstones  of  Shropshire,  and  a  reference 
to  certain  natural  sections,  have  in  fiax^  enabled  us  to  go  still  farther, 
and  to  make  a  separation  between  the  Llandeilp  and  Bala  formations, 
which,  for  want  of  such  detailed  acquaintance,  was  not  attempted  even 
when  the  first  edition  of  this  work  was  published.  This  distinction 
is  truly  of  great  interest  to  myself,  as  it  brings  out  the  value  of  the 
original  classification  of  the  Lower  Silurian  rocks,  which  indicated 
a  great  inferior  schistose  group  chained  with  large  trilobites  (Llan- 
deilo),  as  followed  by  more  arenaceous  strata, — SheUy  Sandstones, 
or  the  mass  of  the  Caradoc  formation. 

Looking  at  the  general  section  under  the  Map,  the  reader  will 
at  once  see  how  the  beds  of  Llandeilo  age  are  surmounted  through- 
out North  Wales  by  strata  of  the  Caradoc  age,  and  how  the  last  are 
followed  by  other  formations,  of  which  hereafter.     In  truth,  this 
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identification  of  the  Bala  fossils  with  those  of  the  shelly  sandstones 
of  Caer  Caradoc  has  removed  all  difficulty  in  applying  the  Silurian 
succession  to  great  masses  of  Wales,  the  rocks  of  which,  being  in  a 
crystalline  and  slaty  condition^  are  very  unlike  their  unaltered  equi- 
valents in  Shropshire. 

It  has  now  transpired,  that  the  physical  relations  and  paleonto- 
Ic^cal  distinctions  between  the  Llandeilo  Flags  on  the  east  flank  of 
the  Berwyns  (the  most  westeriy  point  which  I  formerly  examined) 
and  the  overlying  fossiliferous  strata  of  the  tract  watered  by  the 
Tanat  and  the  Ffymwy  rivers,  as  given  in  the  '  Silurian  System,' 
were  perfectly  correct. 

In  the  diagram  before  given*  (p.  62)  we  see  how  the  Llandeilo 
Flags  with  the  trilobites,  Asaphu^  tyrannus  and  others,  as  exposed  in 
lofty  crags  (Craig-y-Glyn)  overhanging  the  gorge  of  the  river  Twrch 
above  Uanrhaiadr,  dip  under  those  shelly  sandstones  of  the  lower 
hills  of  the  valleys  of  the  Tanat  and  Ffymwy  riversf.  The  latter 
strata,  though  affected,  like  those  on  which  they  rest,  by  a  slaty 
deavage,  were  described  as  again  emerging  firom  beneath  Upper 
Silurian  rocks  in  the  environs  of  Welsh  Pool,  and  were  all,  as  before 
said,  distinctly  identified  with  the  shelly  sandstones  of  Caer  Caradoc. 
This  comparison  was  a  subject  of  no  difficulty,  for  it  was  evident 
that  the  sandstones  of  Montgomeryshire,  with  their  included  coiurses 
of  impure  limestone,  including  the  Trinudeus  Caractad,  Orthis 
(now  Strophomena)  expansa,  and  numerous  other  fossils,  were  iden- 
tical with  the  shelly  sandstones  of  Caer  Caradoc. 

In  short,  through  other  undulations  (see  Map  and  Sections)  these 
beds  extend  westwards  until  they  constitute  the  slates  of  the  summit 
of  Snowdon,  where  the  very  same  fossils  occur  as  in  the  low  hills 
of  soft  shelly  sandstone  in  Shropshire,  the  district  firom  which  such 
forms  were  first  described. 

In  South  Wales  we  have  the  same  physical  order  and  the  same 

*  From  a  coloured  section,  SiL  Syst.  The  few  foiails  I  then  saw  at  Bala  were 

pi.  32.  f.  9.  endoaed  in  rocks  so  slat^,  and  so  unlike 

t  It  is  now  evident  why,  in  the  year  those  of  Caer  Caradoc,  tnat  I  might  well 

1834,  when  I  made  the  hasty  vint  of  a  he  deceived ;  the  more  so,  as  the  strata. 


day  to  Bala  with  Professor  Sedgwick,  I  dipfnng  to  the  east,  passed  under  the 

expressed  an  opinion  that  the  rocks  of  mass  of  the  Berwyns,  and  therefore 

that  place  were  not  of  the  Llandeilo  seemed  to  underlie  certain  flags  which 

formation,  since  they  contained  none  of  I  had  previously  recognized  to  he  of 

die  characteristic  iJandeilo  teilobites  I  true  Llandeilo  age. 
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changes  in  organic  life  between  the  Llandeilo  and  Caradoc  groups. 
In  Carmarthenshire  and  Pembrokeshire  the  Llandeilo  Flags,  with 
their  large  Asaphi  and  Ogygi»,  are  surmounted  by  sandy  beds 
with  impure  limestone,  containing  the  same  species  of  fossils  as  the 
shelly  sandstones  of  Caer  Caradoc. 

Seeing  that  in  Carmarthenshire  there  was  no  apparent  unoonformity 
towards  the  east  and  south  between  the  Llandeilo  [Flags  and  the  Upper 
Silurian  rock,  under  which  they  dipped,  as  exhibited  in  the  Sections,  p.  67, 
58, 1  formerly  inferred  that  the  equivalent  of  the  Caradoc  Sandbstone  of 
Shropshire  had  locally  thinned  out  to  the  south  and  south-east  of  Llan- 
deilo, or  was  there  represented  by  certain  coarse  sandy  beds  or  grits  only. 
Again,  detecting  scarcely  any  trace  of  organic  remains  to  the  west  and 
north  of  the  zone  in  which  the  Llandeilo  Elags  were  dominant,  I  drew  a 
line  of  limit  on  my  original  map,  and  termed  all  the  rocks  Cambrian 
which  lay  beyond  the  known  fossil  zone ;  stating,  that  the  separation 
of  the  Silurian  from  the  Cambrian  of  South  Wales  had  been  generally 
effected  by  assigning  to  the  former  those  beds  which  contained,  and  to 
the  latter  those  which  did  not  include,  the  characteristic  fossils  (SlL.  Syst. 
p.  360).  And  yet,  such  sections  as  were  made  towards  the  west  and 
norfch-west  indicated  that  the  strata  of  Carmarthenshire,  on  the  right 
bank  of  the  Towy,  folded  oyer  to  the  north  and  west,  and  constituted  a 
mass  of  arenaceous  and  incoherent  slaty  schists,  which  were  spoken  of 
as  lithologically  inseparable  from  the  Lower  Silurian  rocks  (Sil.  Syst. 
p.  860). 

It  is  not  my  object  in  this  volume  to  describe  the  mines  which  occur 
in  the  Silurian  or  other  paleozoic  systems ;  but  it  may  be  noticed,  that 
the  chief  mines  in  Carmarthenshire,  or  the  lead  ores  at  Nant-y-Moen, 
north  of  Llandovery,  the  property  of  Earl  Cawdor,  occur  in  these  quartz- 
ose  rocks  which  alternate  with  slaty  schist.  They  are  now  ascertained 
to  be  in  part  the  equivalents  of  the  Caradoc  Sandstone  of  Shropshire ; 
and  in  part  even  of  the  Llandovery  Socks  to  be  described  in  the  ensuing 
Chapter.  In  similar  rocks  are  situated  the  old  Boman  gold-mines  of 
Gbgofiiu,  ten  miles  west  of  Llandovery*.  In  describing  these  rocks  of 
slaty  quartzose  grit  and  sandstone,  I  accurately  assigned  to  them  the  dip 
to  the  north-westt ;  and  that  fact  alone  ought  to  have  led  me  to  class 
them  as  Silurian,  since  they  appeared  to  overlie  the  Llandeilo  Flags. 
But  the  slaty  condition  of  the  rocks,  and  the  absence  of  fossils,  induced 
me  to  refer  them  to  a  system  unknown  to  me.  A  great  fault  was,  indeed, 
supposed  to  intervene,  to  account  for  this  apparent  inversion.  These 
rocks  were  further  noticed,  as  containing  coarse  grits,  sandstones,  and 

*  See  Sil.  Syst.  p.  367,  and  Mr.  Warington  Smyth's  account  of  these  mines, 
Becords  of  Geol.  Survey,  vol.  i.  p.  480.        t  See  the  woodcut,  Sil.  Syst.  p.  368. 
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^       oonglomarates — the  latter  often  appearing  as 
J        huge  lenticular  i 


The  only  oi^anic  remains  detected  during 
my  very  partial  survey  of  such  strata  were  a 
few  fragments  of  Crinoids  and  shells^  and  the 
Annelide  markings  or  tracks  of  marine  worms 
fonnd  near  Llampeter^  such  as  the  Nereites 
and  Myrianites*.  These  fossils  are  now  known 
to  be  common  to  Silurian  rocks  in  Scotland, 
Germany,  and  other  parts  of  the  world. 

In  their  laborions  and  accurate  researches, 
the  Gkyyemment  Surveyors  established  dear 
proof,  that,  whilst  on  the  left  bank  of  the 
Towy  a  great  portion  of  the  Caradoc  or  Bala 
formation  is  omitted,  the  hilly  tracts  to  the 
north  and  west,  i.e,  on  the  right  bank  of  the 
stream,  which  had  been  called  Cambrian,  af- 
forded dear  indications  of  a  gradual  and  con- 
formable upward  passage  from  the  Llandeilo 
Flags  into  sdiistose  beds.  These,  becoming 
more  arenaceons  and  siliceous  as  they  rise 
into  higher  hiUs,  contain  some  calcareous 
courses,  the  fossils  of  which  are  all  identical 
with  those  of  the  Caradoc  or  Bala  rocks. 

This  section,  as  taken  from  the  lai^  hori- 
Eontal  published  section  of  the  Survey,  was 
made,  in  the  year  1842,  by  Professor  Bamsay. 
The  fossils  he  then  collected  and  sent  to 
London  have  been  examined  by  Mr.  Salter 
since  the  first  edition  of  this  work. 

*  See  SiL  Syrt.  pp.  363,  699,  and  Chap.  X.  of  this 
work.  Geinitz,  of  llresden,  who  hu  deacribed  these 
fonns,  considen  them  to  be  soft-stemmed  creatures  of 
the  same  fiunily  as  Ghraptolites  (Nereograpsus,  &c.)* 

t  It  was  this  section  (as  I  have  recenthr  learned) 
which  led  Sir  H.  De  U  Beche  and  Prof.  Ramsay  to 
abrogate  the  hjrpothetical  line  formerly  drawn  between 
a  known  Silurian  country  and  one  unexamined  and 
unknown  by  me ;  and  to  show  that  a  very  lane  por- 
tion of  the  latter,  sofiurfrombeinff  lowin  the  Silurian 
System,  is  really  superior  to  the  Lkndeilo  Flags. 
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The  great  mass  of  the  strata  above  the  Llandeilo  Flags^  as  seen 
in  ascending  the  Nant-y-Bhibo  Brook  to  Cwm-y-gerwn^  consists  of 
dark  sandy  shale  with  some  calcareous  matter  containing  the  fol- 
lowing fossils^  all  of  which  are  of  true  Caradoc  or  Bala  age :  viz. 
Trinudeus  seticomis.  His. ;  Stanrocephalus  Murchisoni^  Barr. ;  Or- 
this  insularis^  Eichw. ;  O.  Actoniss^  Sil.  Syst. ;  O.  vespertilio,  id. ; 
O.  calligramma^  Dalm.  and  Sil.  Syst.;  Leptsenatransyersalis^  Dalm.; 
L.  quinquecostata,  M'Coy;  L.  tenuicincta^  id.;  Turbo  crebristria, 
id.;  and  the  chain-coral.  Proceeding  to  still  higher  ground^  ex- 
tending to  Tyn-y-Mynydd,  we  meet  with  other  forms;  for  while 
there  are  still  a  few  Caradoc  fossils^  such  as  Orthis  crispa^  M'Coy^ 
and  the  remarkable  trilobite  Encrinurus  multis^mentatus^  Port- 
lock^  these  are  associated  with  the  Atrypa  reticularis^  a  sheU  which 
uniformly  characterizes  the  higher  zone  to  be  presently  described 
under  the  name  of  Llandovery  Bocks.  Again^  the  highest  beds 
visible  in  this  line  of  section  indicate  still  more  clearly  a  passage 
into  the  Llandovery  Bocks.  Thus^  in  them  we  detect  the  Atrypa 
orassa^  Leptsena  transversalis,  a  Bhynchonella  closely  resembling 
B.  navicula^  and  a  large  HelioUtes^  all  unknown  in  the  inferior  or 
true  Caradoc  strata,  one  of  the  fossils  of  which,  however  (the  Orthis 
insularis),  still  remains,  as  if  to  demonstrate  a  gradual  zoological 
transition. 

On  the  left  bank  of  the  Towy,  in  the  wooded  grounds  of  Llandovery, 
we  again  find  the  Llandeilo  beds  regularly  surmounted  by  slaty  and 
arenaceous  beds  which,  underlying  the  conglomerates  at  the  base  of  the 
Llandovery  series,  are  full  of  characteristic  Caradoc  or  Bala  fossils.  Thus, 
in  Cilgwyn  Park,  under  the  conglomerate  terrace  of  Olan  Towy,  the 
beds,  which  are  quarried  in  the  demesne,  consist  of  dark  grey,  earfchy 
slates,  and  contain  the  following  characteristic  fossils, — ^identical  with 
those  forms  which  are  met  with  everywhere  upon  the  banks  of  the 
Onny,  or  at  Bala : — 

TrinucleuB  setioonufl ;  ABaphns  Powisii ;  lUeBnus  Bowmanni,  "with  Bpedee  of  Calj- 
mene  and  Cybele ;  Strophomena  spiriferoideB,  M'Cot  $  QrthiB  biforatiu ;  O.  iiiBiilaais ; 
Nrnmla ;  an  Orbicula  (the  Patella  Satumi  of  Portlook),  a  species  known  at  Cheney  Long- 
yille,  and  in  the  Caradoc  schists  of  Tyrone,  Ireland  j  Bellerophon  bilohatus ;  B.  nodosus ; 
Theca  triangularis,  Portl. ;  Sphsronites  baltioTU ;  and  a  beantiAil  new  species  of  Q-lyp- 
tocystitee,  with  some  of  the  ordinaiy  corals. 

The  same  Caradoc  beds  also  range  round  under  Blaen-y-cwm,  S.  of 
Llandovery.  They  there  contain  similar  fossils,  with  the  addition  of 
Lichas  laxatus,  M'Coy,  the  Orthis  porcata,  id.,  and  the  Orthoceras  Ibex, 
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Sil.  Syst.,  now  known  to  range  from  the  Coradoc  to  the  uppermost 
Ludlow  rocks.  Further  north,  between  Rhayader  and  Builth,  the  Cara- 
doc  strata  everywhere  appear  beneath  the  lilandovery  rocks;  and  at 
Troed-y-S<hiw  the  same  fossils  are  obtained,  including  a  new  and  pe- 
culiar Crinoid,  the  Glyptocystites,  together  with  the  Bellerophons  and 
the  Orthoceras  vagans  so  common  at  Bala. 

Thus  we  have  in  that  tract  an  unbroken  ascending  series  from 
the  Uandeilo  flags  through  the  Caradoc  into  those  beds  with  Pen- 
tameri^  which  I  formerly  grouped  with  the  latter  formation,  and 
which  are^  indeed^  essentially  connected  with  it. 

In  Pembrokeshire  also^  at  Llampeter  Felfry  and  Uandewi  Felfiy, 
the  Uandeilo  flags^  constituting  the  thickest  limestones  known  in 
the  Silurian  rocks  of  Wales,  occur,  as  already  stated,  in  low  undu- 
lations, dipping  under  strata  which  also  stand  in  the  place  of  the 
Caradoc.  (See  diagram,  p.  56.) 

A  thin  and  impure  calcareous  course  of  the  latter,  exposed  at 
Sholeshook  near  Haverfordwest,  and  which  has  been  hitherto  classed 
with  the  Uandeilo  flags'^,  is  now  also  clearly  separated  from  that 
deposit,  both  by  superposition  and  characteristic  oi^anic  remains. 
Besides  brachiopods,  trilobites,  and  numerous  corals  common  in 
the  Bala  beds,  there  are  also  found  in  it  Encrinite-like  forms  with 
slender  stems  and  grape-shaped  heads,  the  Sphseronites  of  old 
authors  (Cystidese  of  Yon  Buch).  Some  of  these  will  be  figured 
and  described  in  another  chapter;  Echinosphserites  aurantium  and 
E.  Balticus,  both  of  them  common  Russian  and  Scandinavian  spe- 
cies, being  among  the  number. 

In  the  vast  tracts  of  Carmarthen,  Cardigan,  Radnor,  and  Mont- 
gomery, to  the  west  of  the  original  Silurian  region,  which  have  been 
examined  by  the  Geologists  of  the  Survey,  and  illustrated  in  their 
large  coloured  sections,  it  is  believed,  that  few  or  no  rocks  older  than 
the  Caradoc  or  Bala  formation,  or  younger  than  the  Lower  Llan- 
dovery rocks  of  the  next  chapter,  ever  appear^-even  up  to  the  sea- 
diflb  extending  fi*om  Cardigan  to  Aberystwith;  so  much  do  the 
same  bands  of  sandstone  and  schists  (usually  affected  by  a  transverse 
cleavage)  undulate  in  gentle  curves.  There  are,  indeed,  proofisi,  in 
several  tracts,  that  these  rocks,  as  in  the  district  north  of  Llandeilo, 
graduate  upwards  into  the  Pentamerus  zone  of  Llandovery,  the 

*  Sa.  Syst.  p.  387. 
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inferior  and  larger  portion  of  which  belongs  essentially  to  the  Lower 
Silurian  division. 

When  the  first  edition  of  this  work  was  published  (1854),  it  was 
still  the  belief  of  geologists  that  Llandeilo  and  Bala  were  synony- 
mous terms;  and,  although  the  inferences  which  have  since  been 
arrived  at  rest  greatiy  upon  the  true  order  of  superposition  as 
eliminated  by  Bamsay  and  Aveline,  we  are  also  greatiy  indebted 
to  the  paleontologist,  Mr.  Salter,  who  has  cooperated  in  establish- 
ing the  true  sequence.  On  my  own  part,  I  claim  no  other  credit 
than  that  of  having  originaUy  placed  the  Llandeilo  formation  be- 
neath all  the  deposits  of  the  age  of  the  shelly  sandstones  of  Caer 
Caradoc, — an  order  which,  being  first  pointed  out  in  parts  of  Mont- 
gomeryshire and  Denbighshire,  has  now  been  applied  to  the  whole 
of  Wales* 

Throughout  large  portions  of  North  Wales,  there  are,  indeed,  other 
evidences  of  the  age  of  the  rocks  in  question,  besides  those  already 
adduced  on  the  east  flank  of  the  Berwyns.  At  and  near  Bala,  for 
example,  the  sandstones,  slates,  and  limestones  are  the  absolute 
equivalents  of  the  Caradoc  shelly  sandstones  in  Shropshire.  The 
chief  limestone  of  this  group,  exposed  in  low  hills  near  the  town 
and  lake  of  Bala,  is  so  impure,  that  it  is  now  never  used  for  burn- 
ing, and,  dwindling  away  to  the  S.S.W.,  is  lost  among  the  slaty 
strata.  Another  calcareous  course,  near  Himant,  may  be  simply 
one  of  the  shelly  sandstones  of  Shropshire.  Thus,  with  the  excep- 
tion of  having  been  affected  by  a  slaty  cleavage  unknown  in  the 
English  types  of  these  rocks,  the  North  Welsh  strata  are,  to  a  great 
extent,  Uthologically  similar  to  the  Caradoc  formation  of  Shropshire. 

The  fossils  of  the  Bala  beds  are,  as  ahready  said,  identical  with 
those  imbedded  on  the  flanks  of  Caer  Caradoc ;  there  being  scarcely 
a  species  found  in  Wales  which  does  not  occur  in  Shropshire. 

Sufficient  proofs  having  been  now  offered  of  the  superposition  of 
the  Caradoc  to  the  Llandeilo  r6cks,  and  the  fossil  characters  of 

*  In  the  first  edition  of  this  work,  I  and  descriptions  given  in  the  'Silurian 
endeavoured,  in  spite  of  m^  old  convic-  System/  which  are  clear  and  demon- 
tions,  to  accommodate  my  views  to  those  strative,  as  before  stated,  in  identifying 
of  my  successors,  who  had  considered  the  great  undulating  masses  of  strata 
Llandeilo  and  Bala  as  synonyms,  and  in  the  Welsh  region  watered  by  the 
therefore  suppressed  my  old  section  from  Tanat  and  Ffymwy  rivers,  as  well  as  the 
the  flank  of  the  Berwyns  to  Welsh  Pool.  Welsh  Pool  ridge,  with  the  shelly  sand- 
But  I  now  revert  to  the  original  details  stones  of  Caer  Caradoc. 
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the  two  formations  having  been  generally  indicated^  we  might  at 
once  proceed  to  consider  the  distinctions  of  the  next  overlying 
lone^  which  hitherto  I  have  also  grouped  with  the  Lower  Silurian 
rocks.  But  as  I  now  regard  those  strata  as  an  intermediate  de- 
posit^ the  larger  and  inferior  portion  of  which  is  naturally  connected 
with  the  Lower^  and  the  higher  member  with  the  Upper  Silurian,  a 
separate  chapter  will  be  devoted  to  the  subject.  In  the  mean  time, 
however,  a  few  pages  must  be  occupied  by  a  sketch  of  the  igneous 
or  pseudo-volcanic  masses  which  alternate  with  the  mass  of  the 
Lower  Silurian  strata. 

Igneous  Bocks  associated  wUh  the  Lower  Silurian. — ^To  make  the 
reader  acquainted  with  the  complete  aspect  and  nature  of  the  British 
Lower  Silurian  rocks,  it  is  essential  to  explain  how  volcanic  action 
affected  the  bottom  of  the  sea  in  certain  districts  during  the  depo- 
sition of  those  sedimentary  strata,  and  how  those  strata  were  also 
penetrated  by  powerful  eruptions. 

Li  the  vicinity  of  some  igneous  rocks,  the  schists  and  calcareous 
flagstones  have  also  been  filled  with  mineral  veins,  and  have  under- 
gone various  changes'^.  Thus,  one  of  the  tracts  in  the  original 
Silurian  region  where  the  Llandeilo  formation  is  most  productive  in 
lead  ore  is  the  rugged,  hilly  district  of  Shropshire  which  lies  around 
the  village  of  Shelve  and  the  Comdon  Mountain,  and  extends  west- 
wards, firom  the  Stiper  Stones  (see  Section,  p.  86,  and  Map). 

The  student  of  natural  phenomena  is  again  specially  invited  to 
examine  this  tract,  the  ordinary  strata  of  which,  and  their  organic 
remams,  have  before  been  described,  because  it  exhibits  all  the  co- 
temporaneous  formations  of  North  Wales,  in  hills  which  are  much 
more  accessible  than  the  steep  flanks  of  the  slaty,  subcrystalline 
mountains  of  Snowdon  and  Cader  Idris. 

This  typical  Lower  Silurian  district  was  long  ago  shown  by  me 
to  contain  two  classes  of  submarine  igneous  rocks ;  the  one  bedded 
and  r^ularly  interlaced  with  the  strata,  and  therefore  formed  co- 
temporaneously  with  them>;  the  other  unstratified  or  amorphous. 
Each  of  these  is  divided  into  several  varieties,  for  a  full  acquaint- 
ance with  which  the  reader  must  consult  the  original  descriptionsf. 

*  Besides  ores  of  lead  and  copper,  it  will  be  also  shown,  in  a  separate  chapter, 
that  rocks  of  this  age  were  ren^red  partially  auriferous  in  Wales,  and  largely  so 
in  other  countries.  t  See  Sil.  Syst.  pp.  269,  324,  and  passim. 

o2 
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Of  the  stratified  or  bedded  felspathic  ash  (volcanic  grit  of  the 
'Silurian  System'),  there  are  very  numerous  examples  between  the 
west  flank  of  the  Stiper  Stones,  where  they  first  appear  in  the 
ascending  order,  and  the  picturesque  defile  of  Harrington  Dingle 
near  Chirbury  on  the  west;  or  in  other  words,  through  a  space  of 
four  to  five  miles  in  breadth,  and  eight  to  nine  miles  in  length 
(see  Sil.  Syst.  p.  268). 

At  the  Bog  Mine,  on  the  western  slope  of  the  Stiper  Stones,  and 
therefore  in  the  lowest  member  of  the  Llandeilo  formation,  the  mineral 
veins  and  adits  traverse  a  vast  number  of  the  thin-bedded  felspathic 
grits  or  ashes,  interstratified  with  the  schists  and  flags  charged  with 
trilobites  and  graptolites.  Not  less  than  seventeen  courses  of  these 
felspathic  igneous  rocks  are  marked  in  the  Government  G^logical  Map 
of  this  district  (Sheet  60)  as  occurring  in  the  space  of  little  more  than 
a  mile,  between  the  Bog  Mine  and  the  environs  of  Hyssington !  Some 
of  these  courses  are  traceable  for  four  miles  on  their  line  of  bedding. 
They  crop  out  in  parallel  rocky  ridges,  whilst  the  associated  schists  and 
shales  have  been  worn  into  alternating  furrows  or  depressions.  The 
broadest  of  these  felspathic  ash  bands,  as  seen  upon  the  surface,  ranges 
from  near  Symmonds  Castle  on  the  S.S.W.  by  the  Boimdtain  Hill  to 
Stapeley;  beyond  which,  or  between  Shelve  and  Eorington,it  is  divided 
into  five  or  six  of  the  thinner  courses,  interlaminated  with  the  Llandeilo 
Flags.  Among  the  higher  members  of  these  stratified  ashes,  which  were 
manifestly  accimiulated  under  former  seas,  some  of  the  finest  examples 
are  to  be  seen  in  the  picturesque  defile  of  Marrington  Dingle.  There, 
the  lowest  strata,  exposed  in  numerous  quarries,  are  felspar  rocks  of  a 
concretionary  structure,  which  are  surmounted  by  coarse  mottled  vol- 
canic grits.  The  latter  consist  of  a  base  of  lightish  and  greenish-grey 
granular  felspar,  mixed  with  sand  and  chlorite,  and  contain  angular  frag- 
ments of  schists  and  porphyritic  greenstones ;  the  whole  being  arranged 
in  beds  from  two  to  four  feet  thick,  and  dipping  at  an  angle  of  about  40^ 
as  expressed  in  this  vignette, 


Whittebt  Quabbies  jv  MABBnroTON  DivoLE.     (From  Sil.  Syst  p.  270.) 
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In  many  other  parts  of  this  district,  we  meet  with  felspathic  agglo- 
merates and  ash-beds,  or  volcanic  grits,  as  well  as  slaty  porphyries  with 
crystals  of  felspar.  Some  of  these  alternate,  as  before  said,  in  ridges 
with  the  schist  containing  trilobites ;  others  constitute  courses  of  a  few 
inches  thick  only,  and  occasionally  include  fragments  of  the  Ogygia 
(Asaphus)  Buchii.  Organic  remains  are  also  found  in  beds  composed 
almost  exdusiyely  of  igneous  materials;  thus  shovnng  that  volcanic 
action  was  rife  at  the  sea-bottom  in  which  these  Lower  Silurian  strata 
were  accumulated.  The  annexed  woodcuts  will  convey  some  idea  of  the 
manner  in  which  the  volcanic  breccia  or  ash,  5,  which  alternates  with  the 
beds  of  schist,  a,  envelopes  other  fragments  of  schist  and  slate,  c. 


(From  SiL  Syst.  p.  271.) 

Another  diagram^  taken  from  the  coloured  sections  on  the  margin 
of  my  old  map  of  the  Silurian  region^  explained  theoretically  the 
manner  in  which^  by  the  action  of  submarine  volcanos^  such  igneous 
dejections  were  supposed  to  have  accumulated.  The  igneous  or 
volcanic  materials  are  represented  by  the  light-coloured  layers,  a,  a, 


•c<:j^^ 


a  a 

IdXAIi  BxFBSSEKTATIOK  07  the  HANITEB  IIT  WHICH   SUBMABHIB  YOLCAKIO  Dx- 
JXCnOKS  FBOBABLT  WSBB  TOBICXD  DUSIKO  THE  LOWEH  SlLUBLLK  PeEIOD. 

(From  bottom  of  Map,  Sil.  Sjst.) 

which  alternate  with  the  ordinary  dark-coloured  muddy  sediment. 
The  diagram  further  shows,  how  a  volcanic  cone  similar  to  that  of 
Graham  Island  (lie  Julie  of  the  French)  in  the  Mediterranean,  and 
indicated  by  the  dotted  lines,  may,  after  rising  into  the  atmosphere. 
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have  disappeared  and  mixed  its  scorise  and  ashes  with  the  ordinary 
submarine  mud  or  sand. 

One  of  the  larger  masses  of  eruptive  trap,  which  subsequently 
penetrated  the  sedimentary  and  associated  volcanic  deposits  at  a 
subsequent  period,  is  seen  in  the  Comdon  Mountain,  as  expressed 
in  this  view,  the  undulating  ground  around  it  being  composed  of 
strata  of  the  Llandeilo  formation  and  beds  of  felspathic  ashes. 


LOWBB  SiLUBIAK  AKD  BeDDSD  TSJLF,   TRAYBBSED  BT  EbUPTIVB  BOOKS;   THX 

COBNDON  MoimTADr  IN  thb  Distakcb. 

(From  SiL  Syst.  p.  271.) 

Equally  instructive  examples  of  the  alternations  of  bedded  ig- 
neous matter  with  Lower  Silurian  strata,  and  also  of  posterior 
eruptions,  are  seen  in  the  rocky  tract  of  Radnorshire,  extending 
from  Uandegley  and  Llandrindod  by  the  hills  of  Gelli,  Gilwem, 
and  Cameddau,  to  Builth.  This  example  of  the  felspar  porphyries, 
which  are  there  regularly  stratified,  is  taken  from  one  of  my  former 
illustrations. 

Alibbnations  of  Llakdbilo  Flags  akd  Sohistb  with  YoLOAiac  G-bits. 

N.W.  FACE  OF  GJ-ELLI  HiLL. 

(From  SiL  Syet.  p.  825.) 


a.  Coarse  slatj  felspar  rock,  both  porphyritio  and  amygdaloidal,  contaming  elongated 
concretions  of  green  earth.    This  rock  is  regularly  stratified  in  beds  of  three  to  four 
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feet  thick,  and  fomis  the  mass  of  tlie  hill,  rining  into  the  higher  gromid.  b,  Finelj 
laminated  gieenish-grey  sandy  flagstone,  apparently  hardened  near  the  top.  e.  Fine- 
grained grannlar  fielspar  and  oonrsee  of  ch^-stone,  some  of  which  are  uaed  as  oren- 
stone,  d.  Altered  flags,  haying  a  conchouul  fndare,  in  parts  almost  Lydian-stone, 
with  crystals  of  iron  pyrites,  e.  Gbey  felspar  rock,  the  lamins  of  deposit  marked 
hjr  ibrroginoiis  streaks,  probably  due  to  the  decomposition  of  some  other  mineraL 
X  Black  ahiveiy  shale,  containing  a  few  concretions  of  argillaoeous  limestone,  with 
Teins  of  calcareous  spar.  One  of  these,  which  fell  under  my  notice,  was  a  septarium, 
two  or  three  feet  in  diameter,  containing  many  impressions  of  OraptoUtet.  This 
band  of  black  shale  was  excarated  to  a  considerable  distance  in  search  of  eotU  1  on 
the  strike  of  the  beds,  by  the  same  indiTiduals  who  haye  sought  for  lead  ore.  jr.  Hard, 
Uiick-bedded  porphyritio  felspar,  h.  Flagstone,  with  Qggff^  BuehU^  indurated  in 
eontact  with  the  trap;  much  iron  pyrites,  i.  Grey  porphyritic  day-stone,  j.  Black 
schist,  with  some  hiurd  stone  baniu,  in  parts  pyritous.  k.  Slatr  porphyritic  felspar. 
/.  Black  shale,  with  stone  bends  said  ooncretionB  of  argillaceous  limestone,  m.  Iliin 
band  of  decomposed  granular  felspar,  weathering  to  a  rusty  colour,  and  looking  like 
a  coarse  oolite,  n.  Black  pyntous  schists,  modi  contorted  near  the  mouth  of  the 
gallery. 

Thus,  in  a  thickness  of  only  350  feet  across  the  beds^  this  de- 
tailed section  of  the  order  exhibited  in  one  of  the  original  typical 
Silurian  tracts  displays  felspathic  and  porphyritic  rocks^  occasionally 
both  crystalline  and  amygdaloidal^  with  clay-stone,  granular  fel- 
spar, &c.  These  materials  alternate,  six  or  seven  times,  with  finely 
laminated  flagstones  and  black  schists,  containing  Ghraptolites  and 
the  Ogygia  Buchii  (PI.  HI.  f.  1).  In  truth,  therefore,  this  little 
section  exhibits  an  epitome  of  the  structure  of  vast  tracts  in  North 
Wales. 

The  intnisiye  rocks  which  have  broken  through  and  diyersified  these 
tracts  of  Shropshire,  Montgomeryshiiey  and  Badnorshire,  now  under 
consideration,  whether  large  masses  or  mere  dykes  that  traverse  the 
contiguous  strata,  were  most  of  them  laid  down  in  the  map  of  the  Silu- 
rian r^on,  and  have  since  been  more  accurately  defined  by  the  Gbvem- 
ment  Surveyors  (vide  Sheets  60  &  61).  They  are  chiefly  coarse-grained, 
homblendic  greenstones  and  felstones,  some  of  them  passing  into  basalt. 
In  many  cases,  the  shale  or  schist  in  contact  with  the  eruptive  rock  has 
heesD.  converted  into  porcellanite,  with  surfaces  smoother  than  the  finest 
lithographic  stone.  These  altered  shales  are,  in  fistct,  the  'Brand-erde,' 
or  burnt-earth,  of  the  Germans*  (Sil.  Syst.  p.  276). 

Hie  Brddden  Hills,  including  the  picturesque  Moel-y-Golfa,  on 
the  rigbt  bank  of  the  Severn,  ne&r  Welsh  Pool,  also  exhibit  similar 
illustrations,  both  of  cotemporaneously  bedded  ashes  and  of  erup- 

*  In  Englaxid,  curioiu  actual  proofi  ahandoned  mines  has  converted  the 

af  this  oonversion  occnr  in  the  Soudi  associated  shale  and  sandstones  into 

Staffordshire  coal-field,  near  the  town  burnt-earths,  or  porcellanites,  of  divers 

of  Dudley,  whore  the  long-continued  colours ;  some  of  them  resembling  the 

eombustion   of  subterranean   coal   in  riband-jasper  of  mineralogists. 
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tive  or  intrusive  rocks,  which  have  broken  out  along  the  same  line 
at  diflferent  periods*. 

The  annexed  drawing,  taken  from  the  terrace  of  Powis  Castle, 
shows  these  hills  in  the  distance  to  the  north-east.  They  mark  a 
line  of  eruption  that  separates  the  Lower  Silurian  rocks,  on  the 
left  hand,  from  the  Upper  Silurian  of  the  Long  Mountain  on  the 
right.     Now,  it  has  been  demonstrated  that  along  this  line  of 


Rwltirf'i 


View  of  thb  Bbeidden  Hills  neab  Welsh  Pool,  fbok  Powib  Castle, 
(From  a  Drawing  by  Lady  Murchison,  SiL  Syst.  p.  302.) 

eruption,  ranging  from  S.W.  to  N.E.,  some  volcanic  dejections  were 
spread  out  on  the  sea-bottom  during  the  formation  of  the  Lower 
Silurian  strata,  and  that  other  eruptions  and  dislocations  after- 
wards took  place  along  it,  heaving  the  strata  into  highly  inclined 
positions,  like  those  on  which  Powis  Castle  stands.  It  fturther 
appears,  that  on  the  edges  of  these  Silurian  and  volcanic  rocks, 
carboniferous  deposits  were  afterwards  accumulated;  and  that 
again,  after  all  these  and  other  formations,  including  the  New 
Red  Sandstone  and  Lias,  were  completed,  still  more  recent  erup- 
tions occurred  along  this  same  line  of  fissuref^  as  indicated  by 

*  See  detailed  descriptions,  Silurian  System,  p.  287  et  seq. 
t  For  the  proofs  of  tnis,  see  Sil.  Syst.*  p.  299  et  seq. 


Digitized  by  VjOOQIC 


Chap.  IY.]  BEEIDDBN  HILLS,  ETC.  89 

trap  dykes  which  traverse  those  seoondaiy  formations  to  the  N.  of 
Shrewsbury. 

The  shortest  method  of  explainiiig  to  the  reader  the  structure  of  the 
Breidden  Hills  is  to  exhibit  this  small  diagram.  It  represents  a  mass 
of  porphyritic  and  amygdaloidal  greenstone,  which  in  its  protrusion  has 
carried  up  included  portions  of  slaty  rocks,  and  has  thrown  off  pebble- 
beds  and  Upper  Silurian  rocks  to  the  S.E.y  and  Lower  Silurian  to  the 
N.W. 

SbCTIOII   ACBO08  THS  BBXIDDBir  HiLLS. 

(Taken  from  a  Section  bj  Mr.  Ayeline  of  the  Geological  Surrey.) 
N.W.  8.E. 


h.  Lower  Silurian  alaty  rocks,     ft*.  CotemporaneouB  trap  breccia,    d,  Wenlock 
shale  or  base  of  Upper  Silurian.    *  Eruptive  rocks. 


One  of  the  igneous  rocks  most  easUy  examined  on  this  line  of  habi- 
tual outburst  in  ancient  periods,  is  the  large  basaltiform  mass  at  Welsh 
Fool,  which  cuts  as  a  dyke  through  the  Lower  Silurian  strata,  and  has 
much  altered  them.  At  a  little  distance,  however,  from  the  trap,  those 
beds  contain  organic  remains ;  some  of  them,  particularly  the  Trinucleus 
concentricus  or  T.  Caractaci  (see  H.  IV.  f.  2-6). 

This  prismatic,  igneous  rock  is  largely  quarried  as  a  building-stone, 
like  that  of  the  Whittery  Quarries.  It  is  remarkable  in  haying  its  light- 
green  felspar  matrix  abundantly  speckled  with  minute  kernels  of  cal- 
careous spar,  which,  being  mixed  with  the  finely  aggregated  felspar, 
renders  the  rock  a  sectile  and  valuable  free-stone. 

Other  eruptive  greenstones  as  well  as  hypersthene  rock,  cut  through 
Silurian  strata  near  Old  Badnorf;  but,  as  they  are  associated  with 
strata  of  younger  date  than  those  we  are  now  considering,  they  will 
be  more  appropriately  mentioned  in  another  chapter. 

On  the  flanks  of  the  Cameddau  Hills,  between  Llandrindod  and 
Builth,  there  are,  however,  amorphous  masses  of  igneous  rock,  which 
have  broken  through  and  highly  altered  the  Llandeilo  flags.  Beautiful 
examples  of  this  are  seen  on  the  banks  and  in  the  bed  of  the  Wye, 
west  of  Builth.  (BeeBTl.Bjat.^,2S2  et  seq.) 

On  this  occasion  one  diagram  only  is  selected  from  the  plates  of  my 
large  work,  to  show,  first,  how  the  strata  of  the  Llandeilo  formation 
alternate  with  bedded  igneous  rocks,  5*,  and  next,  how  they  have  been 

t  Sil.  Syst.  p.  318. 

Digitized  by  VjOOQIC 


90 


SILUBIA. 


[Chip.  IV. 


altered  in  contact  with  eraptiye  masses,  *.  It  is  in  these  black  and 
hardened  schists  along  the  lines  of  contact  that  films  of  anthracite  were 
found,  which  led  credulous  farmers  to  search  for  coalf- 


Section  a.oboss  thb  Gelli  Hulb. 
(From  Sa.  Syst.  pi.  33.  fl  6.) 


8.E. 


b,  Llandailo  flags,    b^,  Uandeilo  flags  with  interpolated  ootemponoieoiis  ieUpathic 
ashes,  &o.    *  Eraptiye  rooks. 

Another  frequent  result,  in  this  district,  of  the  intrusion  of  the  igneous 
rock  into  the  schists  is  the  production  of  much  sulphuret  of  iron,  the 
decomposition  of  which  gives  rise  to  the  yarious  mineral  sources  of  Llan- 
degley,  Llandrindod,  Builth,  Llanwrtyd,  &c.,  that  gush  out  around  or 
near  to  this  volcanized  tract. 

In  North  Wales,  some  of  the  finest  examples  of  the  stratified 
and  cotemporaneous  beds  of  felspathic  ash  or  volcanic  grit  are 
exhibited  in  the  environs  of  Festiniog.  There,  the  interval  be- 
tween the  green  and  grey  schists,  of  the  age  of  the  Lingula  flags 
of  TremadoCj  and  certain  overlying  black  roofing  slates  is  occu- 
pied by  syenite,  satiny  schists,  and  volcanic  grits;  the  last  being 
partly  coarse  conglomerates.  To  the  west  of  Tan-y-bwlch,  these 
beds  assume  the  form  of  ashes,  which  are  there  very  finely  levi- 
gated, and  differ  firom  talc  schist  in  being  less  quartzose.  They  are 
associated  and  alternate  with  hard  grit,  penetrated  by  lai^e  branch- 
ing veins  of  white  quartz. 

Occasionally,  this  felspathic  ash  is  separated  into  thick  beds 
formed  of  slightly  inclined  laminee  of  deposit,  and  is  traversed  by 
numerous  highly  inclined  lines  of  slaty  cleavage,  from  which  the 
associated  coarse  grits  are  exempt. 

t  A  fiill  exposure  of  this  folly  was  given  in  the  *  Silurian  System/  p.  328, 
with  this  diagram,  representing  an  actual  search  after  coal  1  at  a  spot  called 
Tin-y-Coed,  thus : — 


h,  Uaadeilo  sohists  traTersed  by  a  gallery,  c,  until  the  eruptive  trap-rock,  *,  was 
reached,  where  the  coal  enterprise  was  necessarily  stopped. 
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An  adequate  aoqnaintaBce  with  bucIi  features  can  be  attained 
only  by  trayening  those  mountains  with  the  remarkable  illustra- 
tions of  the  Geological  Survey  in  handf.  In  the  area  of  a  few 
square  miles,  the  geologist  there  meets  with  numerous  grand  al- 
texnations  of  interstratified  volcanic  ashes  and  fdspathic  conglo- 
merates, sometimes  sandy  and  calcareous,  which  have  been  pierced 
by  eruptive  igneous  matter,  whether  syenite,  fdstone,  or  green- 
stone, here  and  there  porphyritic^.  It  is,  indeed,  sometimes  most 
difficult  to  separate  the  cotemporaneous  igneous  rocks  (porphyries 
of  Sedgwick)  firom  the  subsequently  intruded  masses. 

Then,  again,  let  the  student  take  in  hand  the  minutely-worked 
maps  of  these  districts,  and,  observing  the  &ults  or  fractures  as 
delineated  on  them  by  the  great  number  of  white  lines,  he  may 
form  some  idea  of  the  consummate  skill  and  labour  by  which  such 
results  have  been  obtained. 

This  brief  sketch  of  the  igneous  operations  which  were  the  ac- 
companiments of  the  Lower  Silurian  sediments  cannot,  indeed,  be 
better  terminated  than  by  exhibiting  two  woodcuts,  reduced  firom 
the  large  horizontal  sections  of  the  Survey,  which  record  the  la- 
bours of  Ramsay  and  Selwyn  in  North  Wales.  The  first  of  these 
diagrams  represents  the  relations  of  the  difierent  rocks  composing 
the  mountain  of  Cader  Idris,  near  Dolgelly. 


a.  Upper  part  of  the  Lid^iiIa  Bchists,  with  porphyiy.  *  Ghrand  masBeB  of  poiphyiy 
and  other  trap  rocks,  with  coTuweB  of  hara  ilatY  Lower  Siluiian  Bohista,  b,  e.  iMwer 
Sflnnao,  aft^mming  its  ordinary  characters  of  ahale  when  removed  firom  the  igneous 
rocks. 


t  The  repeated  alternations  of  these 
paendo-Tolcanie  rocks  with  the  schists 
and  slates  of  North  Wales  can  alone  be 
well  understood  by  reference  to  the 
maps  and  sections  prepared  by  Ramsay 
and  Selwyn.  See  Sheets  75  and  78  of 
the  Geolo^cal  Suxrejr,  and  the  illus- 
trative  horizontal  Sections  of  the  same 
on  the  six-inch  scale.  In  the  small 
Map  attached  to  this  work,  and  which, 
as  oefore  explained,  is  simply  a  reduc- 


tion of  that  of  the  Goremment  Sur- 
veyors, numberless  detaUs  are  neces- 
sarily omitted. 

t  A  fine  example  of  this  succession 
to  the  north  of  Festiniog  was  pointed 
out  to  M.  de  Yemeuil  and  myself  by 
Professor  Ramsay  in  1851;  the  real 
merits  of  whose  labours  will  yery  shortly 
be  made  known  in  one  of  the  Memoirs 
of  the  Geological  Surrey. 
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^     ,  The  lowest  strata  here  indicated, 

i||*S  a,  are  slaty  schists,  containing  a  few 

l^g  Lingul®;  they  have  been  traversed 

Q^-l  3  by  porphyry,  *,  and  towards  their 

« 1  I  summit  contain  some  layers  of  fel- 

^  g  "I  spathic  ashes.     Then  follow  grand 

c'J^  masses  of  porphyry  and   green- 

f^  I  ^^  stone,    *,    which    alternate    with 

9  -S  I  Lower  Silurian  slates,  probably  of 

*^  I  «|  the  Llandeilo  age,  b,  and  some  ac- 

^J's  companying  ash-beds;  whilst  the 

-I  9  J**  overlying  slates  and  schists,  c,  are 

|»  I* J  •  superior  portions  of  the  Lower  Si- 

*^,js^  lurian  rocks,  which  resume  their 

'*^  J  W  ordinary  characters  when  removed 

Jo^-?  from  the  igneous  foci   of  which 

-.6^  Cader  Idris  was  a  great  centre  of 

|)1  J  action. 

M  ^  *S  Li  examining  this  mountain,  we 

F^l-  ^^  *^*^*  *^^  crystalline  and  slaty 

g^l  I  strata  on  its  flanks,  h,  are  succeeded 

1*1  a,  by  other  masses,  c,  which  in  propor- 

I'g  ^.  tion  as  they  recede  from  the  ig- 

,^  S  .  neous  rocks  partake  more  of  the 

'1^%  character  of 'mudstone.'   This  char 

SS'^  racter  prevails,  indeed,  wherever 

^^.|  the  strata  are  unaltered,  from  the 

I J  J  base  of  the  Silurian  system  to  the 

-r^  >•  very  youngest  of  its  beds. 


beds^ 


1  ig*-!  The  opposite  section  developes 

fit'M  ^^^  structure  of  Snowdon^  and 
y  I  %  shows  to  what  an  extent  the  sedi- 
B^  ments  constituting  the  highest 
^  :g  '^  mountain  in  England  and  Wales 
g,|  J"  have  been  modified.  Indepen- 
nJl  dently  of  the  slaty  cleavage  by 
J  a'S  J  which  large  portions^  and  par- 
J  J  ^  1  ticularly  its  western  flanks^  have 
Q-  been  impressed,  as  seen  in  the 

fine  lines  which  cut  across  the 
under  the  word  y-Try fan,  the  student  will  perceive,  that  rocks 
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inferior  to  any  which  are  sketched  in  the  section  of  Cader  Idris  (p.  91) 
are  here  representedf. 

The  strata,  c,  which  constitute  the  lower  portion  of  Snowdon,  and 
repose  upon  the  older  slates  and  Lingola  flags,  b,  consist  of  dark 
bluish-grey  slaty  schists,  representing  the  infmor  part  of  the  Llan- 
deilo  formation.  In  them,  however,  no  dear  fossil  evidences  have 
been  detected.  They  are  traversed  by  masses  of  eruptive  rock  ♦, 
which,  whether  consisting  of  porphyry  and  greenstone  or  compact 
felspar  or  felstone,  have  been  described  by  Sedgwick,  and  their, 
elaborate  relations  have  been  defined  by  Ramsay.  In  following, 
however,  these  same  beds  a  few  miles  to  the  environs  of  Ffestiniog, 
we  meet  with  the  fossils  of  the  lower  member  of  the  Llandeilo  for- 
mation already  indicated,  and  thus  the  age  of  the  whole  mass  is 
suggested.  In  the  next  overlying  accimiulations,  dj  we  already 
find  many  Caradoc  fossils,  although  the  original  beds  alternate 
rapidly  with  volcanic  dejections  of  ashes  and  felspathic  materials. 

Truly  grand  as  are  these  igneous  features  of  North  Wales, — and 
similar  phenomena,  though  on  a  less  scale,  occur  in  South  Wales 
(Pembrokeshire), — they  are,  I  repeat,  precisely  of  the  same  cha- 
racter as  those  of  the  western  hiUs  of  Shropshire,  described  as  the 
true  Lower  Siliurian  types,  and  the  age  of  whose  volcanic  eruptions 
was  established  by  the  associated  organic  remains.  In  like  manner, 
we  now  know,  through  their  imbedded  fossils,  that  the  slaty,  arena- 
ceous masses,  with  their  beds  of  ashes,  constituting  the  summit  of 
Snowdon  were  formed  at  the  very  same  time  as  the  humbler  hills 
of  shelly  sandstones  on  the  eastern  flank  of  Caer  Caradoc. 

t  ProfeMor  IUm8a3r's  obflenrations  on  from  whence  flows  and  ejeeiions  of  fel- 
these  igneous  phenomena  in  N.  Wales,  spathic  lava  took  place  during^  the 
whic^  he  has  elaborated  with  great  Lower  Silurian  epodi.  He  also  mfers 
ability  and  precision,  will  be  better  that  all  those  isneous  rocks  were  formed 
appreciated  by  consulting  his  forth-  during  the  oloer  Silurian  period,  com- 
coming  publioition  in  the  Memoirs  of  mencmg  at  the  close  of  the  deposition 
the  Geolc^cal  Surrey,  which  is  specially  of  the  Lingula  beds.  He  establishes 
recommended  to  the  attention  of  geo-  this  important  inference  by  pointing  out^ 
logists.  He  assigns  good  grounds  for  that  the  intruded  masses  have  all  been 
the  belief,  that,  although  some  of  the  subjected  to  subsequent  forces  which 
intruding  bosses  and  dykes  of  porphyry,  bent,  contorted,  and  fractured  those  an- 
syenite,  and  greenstone  were  posterior  cient  accumulations.  Hence  the  inter- 
to  the  sedimentary  felspathic  and  other  stratified  ashea  and  the  intrusiTe  rocks 
volcanic  ashes  which  they  traverse,  both  pertain  to  the  same  great  Lower 
others  probably  represent  the  deep-  Silurian  epoch.  (See  also  Quart.  Joum. 
seated  portions  of  the  volcanic  centres  Geol.  Soc.  vol.  iz.  p.  170, 1853.) 
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CHAPTER  V. 

LIlOTDOVEBY  bocks— (TRANSITION  FBOM  LOWBB  TO  UPPKB 

SILUBIAN)- 

'  THB  FOBMATIOir  8H0WK  TO  BE  OKB  OF  DTrBBMBDIATE  OHAllAOTEB,  AlTD  OONTAIir- 
U(&  BOTH  LOWBB  Aim  TTPPEB  BIXUBIAir  FOSSIIiS  WITH  80MB  PBCUUAB  TTFB8. — 
ASCXlTDINa  OBDEB  O^  THB  WHOLB  OBOITP  KBAS  LLAITDOYBBT  IK  SOUTH  WALBS, 
WHBBB  HOST  DBTBLOPED. — THB  UPPBB  POBTIOK  ALONB  EXHIBITED  IX  BADNOB- 
8HIBB, .  SHBOPBHIBB,  HBBEP0BD8HIBE,  THB  MALTEBN  HIUiS,  KAY  HILI^  TOBT- 
WOBTH,  THB  LICEET  HILLS,  ETC. — THB  TABIETIES  OP  THB  BABE  OP  THB  VPPEB 
SILTTBIAir  BOOKS  OP  WALES. 

In  my  earlier  publications,  the  whole  group  of  strata  to  which 
attention  is  now  invited  was  placed  at  the  summit  of  the  Lower 
Silurian  rocks.  The  progress  of  research  and  the  labours  of  my 
cotemporaries  have  now  led  me  to  admit,  that  whilst  the  lower 
and  lai^er  portion  of  this  formation  is  related,  through  numerous 
organic  remains,  as  well  as  by  physical  arrangement,  to  the  in- 
ferior half  of  the  system,  the  higher  member,  though  also  con- 
tauiing  some  of  the  inferior  types,  is,  by  many  of  its  fossils,  more 
naturally  connected  with  the  Upper  Silurian''^.  At  the  same  time, 
the  formation  is  eminently  characterized  throughout  by  certain 
Pentameri  peculiar  to  it,  which  are  not  known  either  in  the  sub- 
jacent or  superjacent  deposits,  and  also  by  some  species  of  other 
shells  which  never  rise  into  the  Wenlock,  or  true  Upper  Silurian 
rocks.  A  short,  separate  chapter  is  therefore  devoted  to  the  con- 
sideration of  this  group ;  showing  its  intermediate  character  and 
varied  development  in  different  localities. 

Though  not  recognizable  in  the  northern  or  central  parts  of 
the  Silurian  region,  the  inferior  member  of  the  formation  is  fully 
exposed  in  extensive  tracts  of  S.  Wales  to  the  north  and  west  of 
Llandeilo,  and  particularly  near  Llandovery,  where  it  was  formerly 
described  in  detailf.    Let  us  first,  then,  consider  the  nature  and 

*  This  last  feature  was  first  pointed  out  by  Professor  Sedgwick  and  Professor 
M'Coy  in  their  memoir  on  the  May  Hill  Sandstone  (Phil.  Mair.  ser.  4.  vol.  viii. 
1864,  p.  301).  t  Sil.  Syst,  p.  351. 
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contents  of  these  rocks  as  seen  in  ascending  order  in  the  last-men- 
tioned tract,  where  both  their  members  are  exposed,  and  afterwards 
treat  of  them  in  certain  districts,  where  the  lower  member  of  the 
group  is  wanting  and  the  uppermost  subdivision  alone  is  visible. 

In  the  first  edition  of  this  work,  all  these  rocks  were  termed 
'  Upper  Caradoc ' ;  but  that  term  is  now  set  aside.  The  local  name 
of  Llandovery  Bocks  is  taken  firom  the  district  where  clear  physical 
relations  are  seen  of  the  transition  firom  the  Caradoc  or  Bala  forma- 
tion beneath,  up  into  the  lower  member  of  these  deposits;  and  firom 
tiie  latter  into  the  upper  band  of  the  formation.  The  table  of 
colours  attached  to  the  Map,  and  the  accompanying  brackets,  ex- 
plain the  nature  of  this  link ;  and  the  geologist  who  examines  the 
various  tracts  of  country  described  ill  these  pages  will  understand, 
how  the  lower  masses  c^the  formation  may  be  best  classed  with  the 
Lower,  and  the  higher  strata  with  the  Upper  Silurian  rocks. 

Beverting  to  the  natural  section  where  the  flags  of  Llandeilo 
(p.  79),  to  the  north  of  the  town  of  that  name,  are  overlaid  by 
the  equivalents  of  the  Caradoc  or  Bala  formation,  it  has  been 
observed,  that  there  the  strata  of  the  latter  graduate  upwards  into 
coarser  sandstones,  occasionally  conglomeratic,  in  which  a  few  Pen- 
tameri  have  been  found.  These  last-mentioned  strata,  though  con- 
taining few  fossils,  extend,  as  already  mentioned,  over  considerable 
tracts  of  South  Wales,  where  they  really  form  the^  summit  of  the 
Lower  Silurian  rocks. 

On  the  left  bank  of  the  Towy,  and  particularly  in  all  t}ie  tract 
extending  firom  the  Biver  Sowdde  to  Noeth  Oriig  north  of  Llan- 
dovery, these  sandstones  and  shales,  with  a  conglomerate  at  their 
base,  and  also  resting  on  Caradoc  rocks,  prevail  in  a  range  of  hills, 
whence  many  characteristic  fossils  were  procured  and  published 
in  the  'Silurian  System'*^.  It  was  formerly  stated,  that  in  the 
environs  of  Llandovery  this  sandstone  had  not  the  durability  and 
firmness  of  the  Caradoc  sandstone  of  Shropshire,  and  was  not  so 
easily  separable  firom  those  Upper  Silurian  rocks  fix>m  beneath 
which  it  emei^ed  in  the  wooded  hills  near  that  town.  The  forma- 
tion was,  however,  shown  to  be  loaded  with  many  fossils  of  true 
Lower  Silurian  character,  derived  firom  Bhiwfelig,  Blaen-y-cwm, 

*  The  ooQectioiii  were  dusAy  made  by  my  respected  friend  the  late  Mr.  Williams, 
SurgeoDj  of  Llandovery,  and  ms  son,  now  the  Rev.  Stewart  Williams. 
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Cefh  Rhyddan,  and  Goleugoed ;  the  last-mentioned  locality,  whence 
the  Llandovery  building-stone  is  extracted,  having  afforded  most  of 
the  species. 

The  following  fossils  figured  in  the  'Silurian  System,'  are  repeated  in 
Plates  8,  9, 10, 11 :  viz.  Orthoceras  bisiphonatum ;  O.  approximatum ; 
Lituites  undosus ;  L.  comu-arietis ;  Pleurotomaria  (Turbo)  Pryceae ; 
P.  (Buccinum)  angulata;  Holopella  (Turritella)  canceUata;  Ehyn- 
chonella  (Terebratula)  pusilla;  B.neglecta;  E.  tripartita;  Orthis  lata, 
including  O.  protensa ;  O.  calligraimna ;  O.  ActoniaB ;  O.  elegantula ; 
Atrypa  crassa ;  A.  reticularis ;  Pentamerus  lens ;  P.  globosus  ;  P.  un- 
datus ;  P.  oblongus,  or  Icevis ;  Strophomena  depressa ;  Leptaena  serieea, 
&c.  &c* 

In  following  these  rocks  to  the  north-east,  by  Llandovery,  through 
the  elevated  moory  grounds  of  Mwrnfre,  they  are  seen  to  become 
more  quartzose,  and  to  rise  up  into  the  bare  and  stony  hiUs  of 
Noeth  Griig  and  Cefh-y-garreg  about  1500  feet  above  the  sea,  where 
the  whole  formation  is  admirably  exposed,  as  in  this  diagramf. 

Noeth  Gbuq.     (From  the  Qovemment  Survey.) 
S.B.  NW. 


0Mmm 

f 

a.  SchistB,  &c.,  representing  the  Caradoc  or  Bala  formation,  ft.  Lower  Llandorerj 
rocks  (LLandovery  sandstone),  c.  Upper  LlandoYery  rocks :  eqtiiyalent  of  the  Ma>Y 
TTill  sandstone,  d,  Tarannon  shale^  or  'pale  slate,*  of  which  hereafter,  e.  Wenlock 
and  other  Upper  Silurian  strata,  without  subdiyiding  limestones.  /.  Base  of  Old 
Bed  Sandstone.     (Compare  with  Sections,  SiL  Sjst.  pi.  84.  f.  8.) 

Wild  and  uninhabited,  this  small  tract  is  truly  remarkable  in 
being  the  only  one  in  England  and  Wales  wherein  the  lower  and 
upper  zones  of  the  Llandovery  or  Pentamerus  rocks  have  as  yet 
been  observed  in  one  united  mass,  and  with  dear  relations  to  the 
inferior  and  superior  strata.  In  the  last  chapter  a  succession  from 
the  Caradoc  formation  into  the  lower  members  of  this  group  was, 

*  Several  names  of  fossilB  given  in  f  I  revisited  this  locality  since  the 
the  '  Silurian  System/  p.  351,  &c.,  are  first  edition  of  this  work,  m  comnany 
here  omitted,  as  more  perfect  specimens  with  Earl  Ducie,  Prof.  Ramsay,  ana  Mr. 
have  shown  that  those  forms  belongto  Aveline.  The  latter  has  furnished  me 
some  of  the  species  here  named.  The  with  a  more  accurate  section  than  any 
names  of  two  or  three  eenera  have  also  one  hitherto  published:  it  does  not,  how- 
been  chained;  but  the  types  remain  eyer,  differ  essentially  from  the  original 
the  same.  section  given  in  the  '  Silurian  System.' 
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indeed,  indicated  as  occurring  over  large  districts  of  the  west  of 
Carmarthen  and  Cardigan.  But  there  the  upper  member  of  the 
Llandoyery  rocks  seems  to  be  wanting,  and  no  overlying  Upper 
Silurian  strata  are  contiguous,  as  in  this  district.  In  the  bare  and 
rocky  undulations  around  Noeth  Oriig,  no  unconformity  is  obser- 
vable between  the  underlying  beds,  or  the  representative  of  the 
Caradoc  formation,  and  the  strata  surmounting  them,  which  are 
laden  with  Pentameri  and  other  fossils  of  the  group  under  review. 
Nor  is  any  discordance  visible  either  between  the  lower  and  upper 
Pentamerus  rocks  or  between  the  latter  and  the  overlying  Upper 
Silurian  strata.  What  then  is  the  age  and  equivalent  of  the  lower 
and  lai^er  portion  of  the  hard  gritty  sandstone  (6)  ?  If  mineral 
aspect  be  considered,  this  rock  would  certainly  be  ranked  as  one  of 
high  antiquity;  for  the  softer  and  more  argillaceous  sandstone  and 
building-stone  of  Llandovery  has  in  the  short  intervening  distance 
become  a  hard  intractable  grit,  traversed  by  planes  of  slaty  cleavage, 
as  shown  in  the  white  lines  of  the  drawing. 

Again,  if  the  fossils  of  the  lower  beds  of  these  sandstones  be  appealed 
to,  we  find  in  them,  either  at  this  or  other  localities,  the  following  un- 
questionable  Lower  Silurian  types : — ^niienus  Bowmanni,  Salter ;  lichas 
laxatns,  M'Coy ;  Murchisonia  simplex,  id. ;  Orthis  insularis,  Eichwald ; 
O.  caUignumna,  PL  5.  f.  9 ;  O.  ActoniiB,  ib.  f.  11 ;  Strophomena  bipar- 
tita,  Baiter;  Leptaena  sericea,  PI.  5.  f.  14;  Turbo  crebristria,  M'Coy; 
Lituites  comu-arietis,  PI.  7.  f.  10 ;  Orthoceras  bilineatum,  Hall.  See 
aLso  woodcuts  in  Chap.  8. 

In  addition  to  these  forms,  none  of  which  rise  higher  in  the  series  than 
the  zone  under  consideration,  the  following  species,  which  are  also  of 
Lower  Silurian  date,  range  upwards  through  all  the  Llandovery  rocks 
into  undoubted  Upper  Silurian  or  Wenlock.  These  are :  Atrypa  mar- 
ginalia, PI.  9.  f.  2 ;  Orthis  elegantula,  f.  19 ;  O.  occidentalis,  Hall ;  Stro- 
phomena antiquata,  PI.  20.  f.  18 ;  S.  pecten,  Dalm. ;  Conularia  Sowerbyi 
(qiiadrisulcata,  Sil.  Syst.),  PI.  25.  f.  10 ;  Bellerophon  dilatatus,  f.  6 ;  Or- 
thoceras ibex,  PI.  29.  f.  8.  (See  Plates  8  to  11,  and  woodcuts  in  Chaps. 
8&9.) 

There  are  other  fossils  which  occur  in  both  the  Lower  and  Upper 
Llandovery  rocks,  such  as  Leptsena  sericea,  Orthis  reversa,  Bhyncho- 
nella  furcata,  B.  angostifrons,  Baphistoma  lenticularis,  Holopella  can- 
eellata,  Petraia  subduplicata,  and  P.  elongata.  The  chief  character, 
however,  which  unites  the  lower  and  upper  members  of  this  formation, 
besides  the  community  of  these  and  other  species,  is  the  great  abundance 
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of  Pentamerus,  Atrypa,  and  Petraia, — and  the  absence  of  all,  or  nearly 
all  the  characteristic  trilobites  of  the  subjacent  deposits. 

The  upper  member  of  the  group,  e,  as  seen  on  the  summits  and 
slopes  of  the  hills  of  Noeth  Griig  and  Cefii-y-garreg,  has  always 
seemed  to  me  (even  in  a  close  re-examination  in  1856)  to  form  the 
regular,  and  conformable  capping  of  the  lower  strata,  h.  In  it  we  not 
only  find  the  continuance  of  the  same  hard, -gritty,  lithological  cha- 
racter and  colour  of  the  stone,  but  also  the  same  distinguishing  fossils, 
the  Pentameri,  of  which  the  Pentamerus  oblongus  becomes  much  more 
abundant  and  characteristic,  though  still  accompanied  by  P.  undatus 
and  P.  lens  (see  PI.  8).  Figures  of  the  other  fossils  of  this  zone,  in- 
cluding the  Atrypa  hemisphserica,  A.  reticularis,  Bellerophon  trilobatus, 
Encrinurus  punctatus,  and  Petraia  subduplicata,  will  presently  be  given 
in  describing  the  range  of  these  Upper  Llandovery  or  Pentamerus  rocks 
through  Shropshire  and  other  tracts,  where  the  above  types  are  asso- 
ciated with  Upper  Silurian  fossils. 

Upper  Llandovery  Rocks  in  Radnorshire,  Shropshire,  Hereford^ 
shire,  8fC, — In  quitting  this  typical  tract,  and  in  proceeding  to  the 
north  and  east,  or  to  the  S.W.,  the  Oeologists  of  the  Survey  have 
everywhere  observed  a  marked  absence  of  the  lower  member  of  the 
Llandovery  rocks,  and  have  ascertained  that  the  upper  zone  with 
Pentamerus  oblongus  is  alone  present,  and  forms  the  natural  base 
of  the  Upper  Silurian  rocks. 

Thus,  in  Badnorshire,  this  upper  zone  is  represented  by  a  thin  course 
or  two  of  sandstone  or  conglomerate,  occasionally  resting,  as  near  Builth, 
in  striking  unconformability  on  the  upturned  edges  of  the  Llandeilo 
flags.  That  tract,  it  will  be  remembered,  like  the  district  of  Shelve 
and  Comdon  in  Shropshire,  is  replete  with  igneous  rocks,  and  in  both, 
the  Llandeilo  formation  appears  to  have  been  raised  from  beneath  the 
waters,  and  not  to  have  been  depressed  or  again  subjected  to  any  marine 
action  during  the  whole  period  when  the  Caradoc  formation  was  accu- 
mulating. Such  relations  are  strikingly  exhibited  in  the  diagrams  already 
given  at  p.  62. 

In  tracing  the  relations  of  the  Caradoc  sandstones  of  Shropshire 
to  the  overlying  shale  and  limestone  of  the  Wenlock  Edge,  I  was  for- 
merly led  to  believe  in  the  existence  of  an  unbroken  ascending  series. 
This  appeared  to  be  the  case  on  the  banks  of  the  Onny,  where  that 
river  flows  from  Horderley  on  the  N.W.  to  Wistanstow  on  the  S.E. 
I  then  saw  that  the  lower  beds  of  the  Caradoc  formation  were  highly 
inclined  in  the  proximity  of  the  igneous  rocks  of  Caer  Caradoc,  but  that 
the  inclination  decreased  gradually  to  the  east ;  so  that  the  flagstones  of 
Cheney  Longville,  which  were  described  in  the  last  chapter,  seemed  to 
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pass  with  appareBt  conformity  under  those 

1^  ■    '  ^^^  ^^  shale  and  limestone  which  contain 

the  Fentamenis  oblongus.     Now,  as  I  had 

-I  found  this  same  characteristic  fossil  in  strata 

•  of  South  Wales  which  graduate  downwards 

J  (as  abeady  shown)  into  rocks  with  Lower 

^  Silurian  forms,  and  had  never  detected  it 

_  in  the  overlying  Wenlock  shale ;  and  further, 

as  in  the  greater  part  of  the  Silurian  terri- 

»!  tory,  the  strata  which  contained  it  are  coarse 

^  grits  and  sandstoneSy  resembling  the  inferior 

I  rocks,  but  wholly  unlike  the  superior  argO- 

J  laceous  formations  of  Shropshire  and  Here- 

S  fordshire,  I  naturally  classed  the  rock  with 

g  the  Lower  Silurian. 

|»  Many  years  had  elapsed — even  the  Geo- 

o  logical  Surveyors  had  also  examined  and 

J  mapped   the  district  under  consideration 

^  without  perceiving  a  break,  which  was  first 

g;  detected   in  1853  by   the    researches   of 

^  Messrs.  Aveline  and  Salter.     These  gen- 

^  tlemen  observed  a  want  of  conformity  be- 

g  tween  the  great  mass  of  the  so-called  Cara- 

g  doc  sandstone  beneath  and  the  Pentamerus 

J  rocks  above ;  the  latter  being  perfectly  con- 

8  formable  to  the  Wenlock  shale.  The  amount 

J  of  unconformity,  as  seen  in  this  woodcut, 

^  which  is  taken  from  the  published  sections 

of  the  Government  Survey,  is  greater  than 

J  that  which  can  be  detected  on  the  line  near 

c  Wistanstow,  on  which  the  succession  was 

•g  originally  noted  by  myself*. 

O  This  diagram  exhibits  not  only  the 

®      Upper  Llandovery  or  Pentamerus  rock 
|»     reposing  in  one  place  upon  the  truncated 
o      edges  of  the  Cambrian  or  Longmynd 
rocks,  a.  and  in  another  place  trans- 

^  *  The  amount  of  this  diflcordanee  on  the  Onny 

18  so  slight,  and  the  banks  of  the  river  at  the 
point  of  junction  are  so  overhangine,  that  the 
slightly  transgressive  arrangement  of  the  strata 
cuMk  only  with  great  difficulty  be  ascertained,  and  that  when  the  river  is  very  low ; 
at  other  times  the  river  must  be  waded  to  see  the  break. 

h2 
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gressive  upon  the  true  Caradoc^  c,  but  is  farther  highly  expressive  of 
the  powerful  fractures  or  feiults  by  which  the  typical  r^on  has  been 
affected  at  periods  long  subsequent  to  all  those  movements  of  the 
subsoil  which  produced  the  unconformable  deposition  of  the  strata. 

When  this  country  was  examined  by  me  in  1832-3-4^  it  was, 
indeed,  considered,  that  the  powerful  outbursts  of  igneous  matter, 
seen  in  the  contiguous  eruptive  ridge  of  Caer  Caradoc,  might  well 
account  for  all  such  partial  dislocations;  and  as  the  uppermost  of 
the  shelly  sandstones  at  Cheney  Longville  clearly  dipped  under  the 
Pentamerus  zone  or  Hollies  limestone,  and  this  last  passed  under 
the  Wenlock  shale,  the  general  order  of  superposition,  notwith* 
standing  the  adjacent  disturbances,  could  not  be  doubted.  See  the 
preceding  general  woodcut. 

The  fossils  which  most  characterize  this  member  of  the  deposit  in 
Shropshire,  as  elsewhere,  are  the  Fentameri,  and  particularly  P.  ob- 
longuB  and  P.  lens,  with  Atrypa  hemisphserica,  Ehynchonella  decem- 
plicata,  and  Strophomena  compressa.  "With  these,  however,  there  are 
other  species,  some  of  which  occur  in  the  Lower  and  many  others  in  the 

Ufpsb  Llaitdovbbt  Fossils  (14). 


1.  Pentamerafllena.  2.  P.  oblopgus.  3.  P.  liratuB,Sow.  4.  Atrypa  hemigpheBrica. 
6.  A.  retioulans.  6.  Pentftmenw  andatns.  7.  Strophomena  oompreBsa.  a  HolopeUa 
canoeData.  9.BellerophontrilobatuB.  10.  EnormuruB  punctatus.  11.  Petraia  sttMu- 
plicata,  M*Coy. 

Upper  Silurian  rocks.  Among  the  former  are  some  of  the  species  already 
enumerated,  viz.  Leptsena  sericea,  Orthis  calligramma,  O.  biforata,  Turbo 
crebristria*,  and  all  the  species  above  mentioned  (p.  97)  which  range  from 


*  I  have  not  here  mentioned  the  Tri- 
nucleus  concentrieus  (Caractaci)  and 
the  Orthia  vespertilio,  both  hiefaly  cha- 
racteriitic  Caradoc  fossils,  which  were 
foimerly  quoted  as  occurring  in  this  de- 
posit (Siluria,  p.  87),  because,  although 


these  species  were  found  by  Mr.  Salter 
in  the  zone  under  consideration,  he  be- 
lieves that  they  must  have  been  trans- 
ported as  fraffments  from  the  subjacent 
Caradoc  shate.  This  point  requires 
further  examination. 
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the  Lower  into  the  Upper  Silurian  rocks.  The  species  common  to  this 
Eone  and  the  overlying  formations  are  Bumastus  Barriensis,  Fhaoops 
DowningiiB,  P.  Stokesii,  Atrypa  reticularis,  Pterinea  retrofleza,  Gkxnio* 
phora  cymbsaformisy  Bellerophon  trilobatus,  and  B.  expansus,  Ac. 

The  woodcut,  Poss.  14,  exhibits  those  fossils  only  which  are  truly 
typical  of  the  Llandoyery  rocks.  Some  of  these  forms,  howeyer,  are 
so  abundant  in  the  Lower  Silurian  as  well  as  in  this  sone,  and  so  rare 
in  the  Wenlock  formation  or  base  of  the  Upper  Silurian,  that  they  stiU 
give  a  distinct  impress  to  the  deposit. 

Li  Shropshire,  this  sone  of  Fentamerus  rock  varies  much  in  dimen- 
sions. When  followed  to  the  N.E.  firom  the  banks  of  the  Onny,  where 
it  is  a  thin  calcareous  course  only,  it  so  swells  out  in  the  parishes  of 
Church  Freen  and  Kenley,  that  a  considerable  thickness  of  sandstone 
and  conglomerate  is  there  interposed  between  the  shelly  sandstone  of 
Caer  Caradoc  and  the  Fentamerus  limestone.  Both  these  villages,  as 
described  in  the  '  Silurian  System,'  stand  upon  coarse  grits  with  white 
quartz  pebbles,  in  parts  almost  a  conglomerate,  the  beds  rising  at  a 
low  angle  from  beneath  the  HoUies  or  Fentamerus  limestone  and  the 
overlying  Wenlock  shale,  to  both  of  which  they  are  conformable.  The 
chief  fossil  in  this  coarse  grit  and  conglomerate  is  the  Bhynchonella 
decemplicata  (Fl.  9.  f.  15).  These  rocks  also  range  up  to  the  south- 
eastern flank  of  the  Wrekin,  and  dip  with  the  Fentamerus  limestone 
under  the  Die  earth,  or  Wenlock  shale,  of  Buildwas  and  the  gorge  of 
the  Severn. 

On  the  south  flank  of  the  Longmynd,  this  zone,  whether  in  the  form 
of  a  pebbly  conglomerate  or  of  an  impure  limestone,  both  charged  with 
Fentamerus  oblongus,  reposes  at  a  low  angle  of  inclination  on  the 
ancient  rock,  as  thus  represented  in  my  old  work. 

At  the  spot  to  which  this 
diagram  refers,  copper  veins,         -^ 
f ,  are  seen  to  penetrate  both 

the    subjacent    Longmynd  (From  80.  Syrt.  pi.  82.  f.  4) 

rock,  a,  and  the  overlappmg 

Fentamerus  rock,  e ;  the  last  being  overlaid  by  Wenlock  shale,  /. 

In  another  part  of  Shropshire,  the  rock  is  seen  to  protrude  along  a 
line  of  fiftult  as  an  isolated  patch  through  the  Wenlock  shale  of  Bramp- 
ton Bryan  Fark,  and  is  again  visible  further  to  the  S.W.  at  two  points 
in  Badnorshire ;  the  one  in  a  dome  to  the  south  of  the  town  of  Fres- 
teign,  the  other  on  the  western  slopes  of  the  hill  of  Old  Badnor.  (See 
Map.)  In  these  examples  it  is  a  quartzose,  pebbly  conglomerate,  passing 
into  a  hard,  coarse  grit  (Gorton),  in  which  casts  of  the  Fentamerus  ob- 
longus and  other  fossils  occur,  such  as  Atrypa  hemisphserica,  Fetraia 
elongata^  and  F.  bina.  Along  this  line  it  is  also  obviously  the  lowest 
bed  brought  up  in  domes  and  arches  by  the  line  of  igneous  eruption, 
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along  which  the  hypersthenic  and  felspathic  rocks  c^  Stanner,  Hanter, 
and  Ousel  have  been  evolved.  These  outbursts  have  so  altered  the  con- 
tiguous sandstones,  schists,  and  grits  (just  as  around  the  Wrekin  and 
the  Caer  Caradoc),  that  in  Old  Eadnor  HiU  and  Yat  Hill  it  is  difficult 
to  determine  which  parts  of  the  masses  are  metamorphosed  rocks  re- 
sulting from  the  effect  of  volcanic  eruption,  and  which  have  really  been 
in  a  molten  state.  The  diagrams  illustrating  this  phenomenon,  inclu- 
ding the  metamorphosis  of  the  limestone  of  Nash  Scar,  will  be  given  in 
the  sixth  chapter,  which  treats  of  the  Wenlock  formation. 

In  that  district  of  Eadnorshire,  the  Upper  Llandovery  rock  is  a  sili- 
ceous grit  and  conglomerate,  and  is  at  once  conformably  surmounted  by 
shale  and  limestone,  which,  from  their  fossils,  are  grouped  as  the  lower 
member  of  the  Wenlock  formation  of  the  Upper  Silurian  rocks,  or 
Woolhope  limestone,  as  will  be  hereafter  described. 

Malvern  Hills. — Again^  on  the  western  flank  of  the  Malvern 
HiUs  we  meet  vrith  sandstone  and  conglomerate  characterized  by 
the  above-mentioned  fossil  Pentameri.  As  these  rocks  have  there, 
according  to  Professor  Phillips,  a  thickness  of  600  feet,  and  have 
peculiar  relations  to  the  rocks  on  which  they  repose,  as  well  as  to 
those  under  which  they  dip,  a  few  pages  may  be  instructively  de- 
voted to  a  sketch  of  the  leading  features  of  that  striking  ridge  of 
hills. 

This  picturesque  Silurian  tract,  which  is  detached  from  the  main 
region  over  which  rocks  of  this   age  are  continuously  extended. 


North  Hill.  VVorccitcr  Bcocou.  Hcrelbrd  Deacon. 

View  of  the  Malyebn  Hilus  fsom  the  West. 
(From  a  eketch  by  Lady  Murchison,  Sil.  Syst.  p.  409.) 

is  composed  of  the  undulating  grounds  which  lie  upon  the  western 
flank  of  the  Malvern  Hills.  The  accompanying  vignette  repre- 
sents the  Herefordshire  Beacon  on  the  right  hand,  followed  by  the 
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Worcestershire  Beacon  and  the  North  Hill  in  the  distance^  as  seen 
from  the  undulating  grounds  composed  of  Upper  Silurian  rocks 
which  occupy  the  western  flank  of  the  ridge^  the  highest  parts  of 
which  are  exdusively  composed  of  crystalline  rock^  both  eruptive 
and  metamorphic. 

Though  occupying  a  much  narrower  zone  than  in  the  typical 
tract  of  Shropshire^  the  Silurian  rocks  constitute  an  almost  con- 
tinuous  band^  from  the  northern  end  of  the  Abberley  Hills  to 
the  southern  extremity  of  the  Malvern  Hills^  a  distance  of  about 
twenty-four  miles.  Throughout  this  space^  the  beds  strike^  on  the 
whole,  from  north  to  south  and  dip  rapidly  to  the  west,  by  which 
they  pass  under  the  Old  Bed  Sandstone  of  Herefordshire^.  In  the 
northernmost  part  of  this  line  of  elevation,  or  the  Abberley  Hills, 
no  rock  of  truly  eruptive  character  is  seen  except  at  one  spot  west 
of  Mariley,  where,  many  years  ago,  I  detected  a  small  boss  of  syenite, 
identical  in  character  with  the  chief  eruptive  rock  which  protrudes 
in  lai^e  masses  on  the  summits  and  slopes  of  the  Malvern  Hills. 

That  crystalline  ridge,  essentially  of  igneous  origin,  was  well 
described  by  Mr.  Leonard  Homer  in  the  infancy  of  English  geo- 
logy. The  prevailing  rocks  are  varieties  of  syenite,  consisting  of 
quartz,  felspar,  and  hornblende ;  and  occasionally,  where  the  last- 
mentioned  mineral  is  absent,  presenting  the  appearance  of  a  true 
granite.  Of  the  other  minerals  epidote  is  most  disseminated. 
Again,  compact  febpar  rock  or  felstone  is  abundant,  and  passages 
from  it  into  syenite  and  greenstone  are  not  unfrequent.  These 
amorphous  rocks  have  evidently  intruded  upon  certain  stratified 
deposits  which,  usually  in  a  highly  altered  condition,  adhere  to  the 
flanks  and  sides  of  the  syenitic  chain.  They  consist  of  chloritic 
schist,  quartzite,  and  highly  twisted  micaceous  schist,  almost  passing 
into  gneiss.  Examples  of  the  conversion  of  the  original  Lower 
Silurian  sandstones  and  shale  into  such  metamorphosed  rocks  are 
here  and  there  exposed. 

In  the  mean  time,  let  us  see  to  which  of  the  lower  divisions  of 
stratified  rocks  these  inferior  strata  are  referable. 


*  On  the  east  all  thete  rocks  are  Geol<^cal  Survey  Map.    See  also  the 

flanks  by  the  Trias,  or  New  Red  Sand-  memoirs  by  the  Rev.  W.  S.  Symonds, 

stone,  the  divisions  of  which  have  been  Joorn.  Geol.  Soc.  vol.  xi.  p.  450 ;  and 

laid  down  in  the  Sheets  43  &  55  of  the  Edin.  New  Phil.  Joum.  voL  v.  p.  257. 
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The  lowest  of  the  unaltered  deposits  which  have  been  termed  Silurian 
by  Professor  Phillips  and  myself  is  the  HoUy-bush  Sandstone,  and  this 
is  overlaid  by  certain  schists,  both  of  which  are  in  parts  so  black  as  to 
have  given  the  name  of  Coal  Hill  to  some  hilly  arable  ground  to  the 
west  of  Keys  End  Hill  (see  note  t,  p.  106). 

These  lower  strata  of  sandstone  and  black  shale  extend  from  north  to 
south  along  the  slopes  of  Midsummer  Hill,  Bagged-stone  Hill,  and  Keys 
End  Hill,  or  the  southern  portion  of  the  chain,  for  a  length  of  upwards 
of  two  miles,  and  have  an  average  width  of  half  a  mile  from  east  to 
west,  in  which  space  they  are  perforated,  here  and  there,  by  small 
bosses  and  dykes  of  intaruded  greenstone,  as  laid  down  in  the  Map  of 
the  Survey*. 

The  inferior  sandstone  is  well  displayed  in  quarries  at  the  114th  mile- 
stone on  the  road  from  Tewkesbury  to  Ledbury,  where  the  beds  dip 
away  from  the  part  of  the  ridge  called  Eagged-stone  Hill  at  an  angle  of 
35^.  This  rock,  of  a  light  greenish  tint,  and  containing  a  small  por- 
tion of  mica,  is  freckled  with  a  few  dark  stains,  but  has  afforded  no 
organic  remains  save  fricoids.  The  lower  beds  are  thick,  but  become 
flag-like  upwards,  and  pass  through  sandy  shale  into  overlying  thinly 
foliated,  black  shivery  schists. 

These  schists  were  described  in  the  '  Silurian  System '  (p.  416)  as 
possibly  belonging  to  the  Llandeilo  group ;  that  suggestion  having  been 
made,  in  the  absence  of  any  known  organic  remains,  from  the  strata 
being  surmounted  by  a  zone  of  sandstone  with  Pentameri,  then  termed 
Caradoc  Sandstone,  followed  by  a  full  Upper  Silurian  series.  Sub- 
sequently, Professor  Phillips  discovered  in  these  schists  the  small  tri- 
lobite  Olenus  humilis ;  and  afterwards  my  lamented  friend  Mr.  Hugh 
Strickland  detected  the  minute  Agnostus  pisiformis.  The  occurrence 
of  these  forms,  so  emblematic  of  the  lowest  zone  of  Silurian  life  (see 
Foss.  6.  p.  46),  has  led  me  to  believe  that  the  HoUy-bush  sandstone 
and  associated  schists  are  the  miniature  representatives  of  the  Stiper 
Stones  of  Shropshire  and  the  Lingula  flags  of  Wales.  In  another 
chapter,  and  when  treating  of  the  Silurian  rocks  of  Norway  and  Sweden, 
it  will  be  proved  that  the  thickness  of  deposits  is  no  test  whatever  of 
their  age,  nor  of  the  time  which  may  have  elapsed  during  their  accu- 
mulation. The  hundred  feet  or  two  of  Holly-bush  sandstones  and  black 
schists  now  under  consideration  may,  in  short;,  as  M.  Barrande  has 
indeed  suggested,  be  the  equivalents  in  time  of  strata  thousands  of 
feet  thick  already  adverted  to  in  Shropshire  and  Wales. 

The  sandstone  and  black  schist,  which  constitute  the  lowest  fossil- 
bearing  sediment  of  the  tract,  are  thrown  off  to  the  east  as  well  as  to 
the  west  of  the  eruptive  or  syenitic  chain  at  Midsummer  Hill,  S.  of  the 

♦  These  protuberances  of  trap-rock  were  first  noticed  by  Professor  Phillips. 
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Hereford  Beacon.  This  is  seen  in  trayerang  the  ridge  near  its  south 
Old,  from  Keys  End  Street  on  the  east,  by  the  White-leaved  Oak,  to  the 
hilly  arable  ground  on  the  west.  The  IfalTems  are  therefore  represented 
in  the  following  diagram  as  exhibiting  a  geological  saddle,  having  a  thin 
and  partially  metamorphosed  flap  only  on  the  east  side,  and  seyeral 
thick  flaps  on  the  west,  the  lower  part  of  one  of  which  only  is  in  an 
altered  condition.  Among  the  older  strata  visible  on  the  east  fla^nlr^ 
are  the  same  black  schists  subordinate  to  sandy  flags,  which  on  the 
western  slope  of  the  ridge  of  syenite  have  given  to  the  ground  the  name 
of  Coal  Hillt,  and  in  which  the  species  of  Olenus  and  Agnostus  already 
mentioned  have  been  sparingly  detected. 

The  reader  will  understand  the  fiicts  by  consulting  this  little  general 
diagram}. 

SjKmov  ntox  thx  Malvxbv  Hnxs  to  Lidbvbt. 

KidmmBIIte. 


This  woodcat,  taken  from  a  oolonred  leotion  in  the  *  Silurian  Sjtton'  (pL  36.  f.  8), 
and  slighdj  modified,  explains  the  general  order  and  the  uidulationa  on  the  west 
ride  of  the  Malvern  Hilla,  in  the  paraUel  of  Midanmmer  Hill,  Eastnor  Park,  and 
Iiedboiy.  The  enrntive  rocks,  »,  of  the  Malvem  ridge  on  the  right  are  seen  to  he 
flanked,  on  hoth  rides,  by  altered  Lower  Silurian  san£tones  and  schists,  b*.  To  the 
west  these  are  foDowed  by  other  schists  with  Olenus,  5.  The  Upper  liJandoreiy 
rocks  and  conglomerate  are  marked  bj  e,  the  higher  portion  of  which  dips  down 
from  the  Ohelisk  Hill  of  Eastnor,  and  pass  under  the  Woolhope,  or  Lower  tVenlook 
limeetone,  d.  The  latter  is  followed  by  theWeulock  shale^  0,  and  the  WenXock  lime- 
stone^ Xi  which  last,  bending  under  the  Lower  Ludlow,  ^,  reappears  in  »  dome  that 
thiows  off  towards  Ledbuiy  the  whole  of  the  Ludlow  fomation,  h  ^  after  a  flezuro 
in  Wellington  Heath,  under  the  Old  Bed  Sandstone,/ 

Although  it  is  not  within  the  scope  of  this  Tolume  to  describe  in  detail 
the  former  effects  of  eruptive  molten  matter  in  transmuting  the  cha- 
racter and  condition  of  the  sediments  through  which  it  hurst  forth,  still 
I  would  heg  any  geological  student  who  has  the  power  to  examine  this 
natural  section.  He  will  see  that  as  the  strata  flanking  the  ridge  on 
either  side  approach  to  its  central  part,  or  axis  of  igneous  rocks,  they 
gradually  become  more  hard  and  brittle,  and  that,  their  flag-like  cha- 
racter graduaUy  ceasing,  the  beds  pass  into  thick  amorphous  masses, 
in  which  the  lines  of  bedding  are  lost,  and  the  substance  is  much  altered 
aud  fissured  by  many  deyious  joints  with  serpentinous  coatings.  The 
nucleus  or  eruptiTe  mass,  exposed  in  the  extensiye  quarries  of  Mid- 
smnmer  HiU,  near  the  White-leaved  Oak,  is  compact  felspar,  passing 

t  Abtnrd  trials  for  coal  have  been  made  by  ignoiant  persons  in  this  black 
Lower  Silurian  shale  on  both  aides  of  the  eruptive  axis. 
J  See  Sil.  Syat.  p.  418,  and  coloured  section,  pi.  36.  f.  8. 


Digitized  by  VjOOQIC 


106 


SILUBU. 


[Chap.  V. 


into  syenite ;  but  the  northern  extensions  of  this  same  eruptive  ridge, 
particularly  as  displayed  in  the  Worcestershire  Beacon  and  North  Hill, 
contain  other  varieties  of  the  igneous  rocks  already  spoken  of*. 

The  next  deposit  met  with  in  ascending  order  upon  the  west  flank  of 
the  Malvems  consists  of  grits,  conglomerates,  and  sandstones,  occupying, 
as  before  said,  a  thickness  of  600  feet;  the  chief  localities  being  Howler's 
Heath,  Cowley  Park,  the  west  of  Hereford  Beacon,  the  Wych,  Ac.  The 
forms  usually  characteristic  of  this  band  of  the  Upper  Llandovery  rocks 
are  the  Pentameri  before  noted,  Atrypa  hemisphserica,  Bhynchonella 
decemplicata,  together  with  some  of  the  univalve  shells  and  corals  pre- 
viously mentioned  as  occurring  at  Llandovery.  Of  the  latter,  the  Petraia 
subduplicata,  M'Coy,  is  abundant,  and  Orthis  calligramma  is  not  unfire- 
quent.  The  zone  is  here  specially  characterized  by  a  number  of  bivalve 
shells  allied  to  Nucula,  of  which  the  N.  Eastnori  and  N.  subsequalis 
(PL  10.  f.  7, 8)  are  examples.  The  last-mentioned  species  and  its  asso- 
ciates, Bellerophon  trilobatus  and  Holopella  obsoleta  (ib.  f.  14),  pass 
upwards,  as  will  be  seen  in  the  sequel,  to  the  uppermost  Ludlow  rock. 

One  of  the  shells  highly  characteristic  of  the  Llandovery  rocks  in  this 
district  is  the  Liogula  crumena,  Phill.,  which  was  figured  by  mistake 
amongst  the  fossils  of  the  true  Caradoc  formation, '  Siluria,'  Ist  edition, 
p.  86.  Foss.  7.  f.  5.  Even  the  peculiar  Crustacean,  Pterygotus,  which, 
as  we  shall  presently  see,  is  eminently  an  uppermost  Silurian  form,  has 
its  representative  here  in  fragments  which  were  found  S.  of  Eastnor 
Obelisk  by  the  late  Mr.  Hugh  Strickland. 

It  is  also  worthy  of  notice  that   a  Fossils  (15). 

perfect  cast  of  a  fucoid  was  found  in  a 
fragment  of  this  rock  on  the  west  side 
of  the  North  Hill  by  the  well-known  and 
zealous  botanist  Mr.  Edwin  Lees,  and 
as  vegetable  remains  are  rarely  found 
in  these  deposits,  the  specimen  is  here 
figured. 

The  rock,  in  the  form  of  a  dingy 
purple  grit  with  a  superjacent  flaggy 
limestone,  ranges  from  the  End  Hill  of 
Malvern  to  Old  Storridge  Hill,  and  is 
seen  for  the  last  time  in  Ankerdine  Hill,  the  most  southern  of  the 
Abberley  Hills.  Throughout  its  course  along  the  west  flank  of  the 
Malvems,  where  it  rests  upon  the  eruptive  rocks,  and  thence  to  the 
gorge  of  the  Teme,  under  Ankerdine  Hill,  this  sandstone,  with  its  impure 


Fuooid  in  Malvern  Sandstone. 


*  Itwas  gratifying  to  me,  in  a  recent 
visit  with  Professor  Kamsay,  to  observe 
that  this  minute  point  of  the  mnitic 
axis,  which  I  first  observed  in  1852,  was 


still  visible  in  the  bottom  of  the  quarries; 
for  doubtless  it  may  now  be  hidden  by 
debris,  and  subsequent  observers  might 
be  sceptical. 
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limefltoae,  constitutes  the  regular  base  of  all  the  Upper  Silurian  rocks 
which  dip  away  £rom  it  to  the  westward.  On  its  eastern  flank,  on  the 
contnuy,  the  same  rock  is  brought  into  abrupt  contact  (see  Map)  with 
the  New  Bed  Sandstone  bj  that  great  longitudinal  (north  and  south) 
fault  which  runs  along  the  whole  length  of  the  Malrem  and  Abberley 
Hills* 

In  delineating  with  great  precision  the  order  of  the  strata  as  well  as 
their  flexures  and  breaks,  Professor  FUllips  discoTeredt»  on  the  west  side 
of  the  Worcestershire  Beacon,  that  one  of  the  local  conglomerates,  then 
called  Caradoc,  and  charged  with  seyeral  characteristic  fossils,  contained 
also  pebbles  and  fragments  of  the  syenite  and  other  eruptive  rocks  of 
the  Malvern  chain.  Hence  it  was  evident,  that  along  this  line  there 
had  been  eruptions  which  had  left  a  shore  or  island  of  hard  rock  from 
which  the  conglomerate  in  question  had  been  derived.  It  is,  therefore, 
to  be  inferred  that  the  eruption  at  the  White-leaved  Oak  and  Keys  End 
Hill,  to  which  attention  has  been  called,  took  place  at  a  more  remote 
period,  and  even  that  the  erupted  matter  traversed  the  oldest  Silurian 
strata  of  the  tract,  or  the  Holly-bush  sandstones.  This  agency  having 
ceased,  a  low  ridge  seems  to  have  been  raised  and  placed  beyond  the 
influence  of  the  depositary  action  going  on  in  other  places,  where  the 
Llandeilo  and  Caradoc  formations  were  accumulating.  In  short,  the 
Malvern  ridge  was  then  left,  to  be  acted  upon  by  the  sea^  so  as  to  fur- 
nish materials  for  the  completion  of  a  younger  deposit. 

The  elevation  of  the  Malvern  HiUs  in  a  solid  state,  and  at  a  later  period, 
together  with  the  folding  back  of  the  strata,  so  as  partially  to  invert  the 
order  and  place  the  Upper  Caradoc  grits  over  the  Wenlock  shale,  and 
the  latter  over  the  limestone  (a  phenomenon  first  pointed  out  by  Mr. 
Leonard  Horner^  as  due  to  the  uprise  of  the  syenite),  is  one  of  great 
interest,  which  occurs  on  a  vast  scale  in  the  Alps  and  many  other  moun- 
tain-chains. 

Passing  from  the  consideration  of  these  physical  features,  other 

*  This  &alt  is  one  of  the  longest  logical  Survey,  in  the  last  of  which  the 

that  has  been  traced  in  the  British  Isles,  rektions  of  other  and  oblique  transverse 

On  its  eastern  side  the  various  members  faults  to  this  great  longituduial  frac- 

of  the  Silurian  series  above  enumerated  ture  are  dearly  laid  down, 

are  seen  in  some  places  to  be  overlaid  t  Memoirs  Geol.  Survey,  vol.  ii.  p.  66. 

by  the  Old  Red  Sandstone.     In  other  Miss  Phillips  made  this  discovery, 

localities  the  Silurian  rocks  subside,  and  %  This  overthrow  of  the  strata,  to- 

the  Old  and  New  Red  are  in  contact  as  gether  with  an  excellent  account  of  the 

between   the  Abberley  and  Malvefn.  mineral  structure  of  the  Malvern  Hills, 

In  its  range  southwuds,  the  fault  is  was  first  given  by  Mr.  Leonard  Homer, 

marked  by  a  band  of  Permian  conglo-  Geol.  Truis.,  old  series,  vol.  i.  p.  281. 

merates;  and  still  further  to  the  south,  The  nature  and  succession  of  the  over- 

or  towards  May  Hill,  a  thin  zone  of  coal-  thrown  beds  were  illustrated  in  detail 

measures  separates  the  New  Red  of  by  myself,  'Silurian  System,'  p.  423, 

Gloucester  from  the  Old  Red  of  Here-  and  lastly  by  Professor  Phillips,  Me- 

ford.    See  Sheets  43  &  55  of  the  Geo-  moirs  Geol.  Siu^^ey,  vol.  ii.  p.  6/  et  seq. 
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natural  appearances  on  the  flank  of  the  Malvem  Hills,  described  bj 
Professor  Phillips  and  myself,  show  how  difficult  it  is  to  draw  any  defi- 
nite line  between  the  lAandovery  rocks,  formerly  Upper  Caradoc,  and 
the  lowest  portion  of  the  overlying  Wenlock  shale.  To  the  west  of  the 
Worcestershire  Beacon,  or  near  the  north  end  of  the  chain,  there  occurs 
an  impure  limestone,  occupying  nearly  the  same  position  at  the  summit 
of  the  Llandovery  rocks,  and  known  as  the  Hollies  limestone  of  Shrop- 
shire (pp.  lOO,  101).  This  bed  contains  some  fossils  which  truly  belong 
to  the  lower  group,  such  as  LeptsBna  sericea  and  Orthis  calligramma, 
and  possesses  many  others  which  are  characteristic  oi  the  Upper  Silurian 
division. 

The  reader  should  compare  my  original  description*  of  this  inter- 
mediary band  of  limestone,  as  it  ranges  by  Stumps  Wood  and  other 
places  west  of  the  Malvems,  with  the  more  precise  details  of  Professor 
Phillips. 

The  Upper  Silurian  rocks  of  this  tract  have  been  here  partially  alluded 
to  only,  p.  105 ;  my  object  being  to  show  how  very  different  is  the  suc- 
cession of  strata  beneath  them,  to  that  which  occurs  in  Shropshire  and 
Wales,  where  the  series  is  full  and  complete.  It  must,  however,  be 
said,  that  few  tracts  in  England  afford  better  examples  for  the  study 
of  the  upper  members  of  the  system,  as  indicated  in  the  little  section, 
p.  105,  to  some  features  of  which  the  attention  of  the  reader  will  after- 
wards be  called  t. 

The  insulated  district  of  Woolhope,  within  a  short  distance  of  the 
Malvern  Hills,  exhibits  the  smallest  portion  only  of  the  Upper  Pen- 
tamerus  rock  in  the  centre  of  that  remarkable  valley  of  elevation, 
which  displays  the  whole  of  the  Upper  Silurian  rocks,  and  will  be 
treated  of  in  the  sequel.  It  is  well,  however,  here  to  note,  that  the 
major  axis  of  that  elevation  is  from  N.W.  to  S.E.,  and  consequently 
at  right  angles  to  the  main  direction  of  all  the  Silurian  rocks  in  Wales 
and  the  border  counties  of  England,  and  also  discordant  to  the  N.  and 
S.  line  of  the  Malvern  HjUb. 

*  See  Sil.  Syst.  p.  415.  In  his  lumi-  Severn,  and  the  Oohtic  ranffe  which,  ex- 
nous  memoir  of  the  Malvern  and  Abber-  tending  athwart  England  from  Whitby 
ley  Hilla,  and  their  extension  to  Wool-  and  S<»rboroagh  on  the  N.E.  to  Lyme 
hope,  May  Hill,  &c..  Professor  Phillips  Regis  on  the  S.W.,  is  so  admirably 
has  skilfnll^  and  elaborately  developed  displayed  in  the  Coiteswold  Hills  and 
all  the  physical  contortions  of  the  strata  at  Cheltenham,  geologists  have  grate- 
in  this  district,  and  the  mineral  and  pa-  fully  hailed  the  esti^lishment  of  a 
leontological  characters  of  the  rocks.  Naturalists'  Field  Club  and  Museum 
By  the  sound  philosophical  reflections  at  Great  Malvern  (in  which  the  Rev. 
with  which  it  is  interspersed,  he  has  F.  Dyson  and  the  Rev.  W.  S.  Symonds 
imnarted  great  value  to  a  work,  which  havetaken  a  prominent  part)  for  the  pur- 
reflects  the  highest  credit  on  the  Geo-  pose  of  registering  all  the  phenomena 
logiod  Survey  of  Great  Britain.  m  which  this  beautiful  and  diversified 

t  As  the  Malvern  Hills  are  within  neighbourhood  abounds.      (See  other 

easy  access  of  the  Lias  of  the  vale  of  the  references  in  Chapters  VI.  and  VIT.) 
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Jfoy  Hill  SandHone. — ^At  a  distaaoe  of  about  nine  miles  to  the  south 
of  the  Malvern  range,  the  same  deposit  of  Pentameros  sandstone,  or 
Upper  Llandovery  rocks,  reappears  in  May  Hill  and  Huntley  Hill, 
Oloucestershire,  where  it  is  equally  surmounted  by  Upper  Silurian 
rooks.  We  have  just  seen  that  in  the  8.  Malvern  section  there  is  a 
great  hiatus  between  this  deposit  and  th»  fundamental  stratified  masses 
of  the  tract.  Applying  the  same  test  to  May  Hill  by  ascending  from 
the  lowest  visible  rocks,  we  meet  with  a  much  greater  omission. 

This  ascending  order  is  best  exposed  on  the  sides  of  the  high  road 
passing  firom  Gloucester  to  Boss,  near  the  village  of  Huntley.  In 
approaching  the  higher  ground,  the  first  rock  which  is  observed  to  jut 
out  firom  the  plain  of  the  New  Bed,  or  Keuper,  has  the  aspect  of  the 
Cambrian  rocks  of  the  Longmynd.  It  is  a  hard,  siliceous,  close-grained, 
dark  grey,  schistose  stone  with  quartz  veins,  and  is  quarried  for  the 
use  of  the  roads.  Containing  no  fossils  and  being  much  broken  and 
contorted,  this  rock  has  no  visible  connexion  with  the  overlying  sand- 
stones and  shale  which  are  exposed  in  ascending  May  Hill,  in  none  of 
which  are  there  any  traces  of  either  the  Uandeilo  or  Caradoc  (Bala) 
formations,  or  even  of  the  Lower  Llandovery  rocks. 

The  mass  of  the  hilly  ground  as  exposed  on  the  sides  of  the  high  road 
and  ranging  across  Huntley  Hill  consists  first  of  purplish  and  green 
shales  and  sandy  beds  passing  into  hard  coarse  grits,  and  yellowish,  fine, 
micaceous  sandstones,  occasionally  undulating,  but  on  the  whole  dipping 
steadily  to  the  W.N.W.  These  beds  are  chiefly  characterized  by  the 
Atrypa  hemisph^erica,  Orthis  calligramma,  Bhynchonella  decemplicata^ 
with  some  Fentameri.  They  are  surmounted  by  reddish  and  lightish 
grey  sandstones  and  grits  in  which  the  Fentameri  abound,  particularly 
the  F.  liratus  and  F.  lens,  with  Atiypa  reticularis,  Strophomena  pecten, 
and  S.  arenacea ;  and  these  strata^  occupying  the  dome  and  summit  of 
the  hill,  throw  off  certain  grey  flagstones  to  the  west.  Now,  most  of 
the  species  in  these  higher  beds  belong  imquestionably  to  the  Wenlock, 
or  base  of  the  Upper  Silurian  group.  And  such  ought  to  be  the  case ; 
for  the  upper  flagstones  in  question  pass  up  directly  into  strata  con- 
stituting the  true  base  of  the  Wenlock  formation,  as  seen  near  Dursley 
Cross. 

Among  these  foBsflfl  an  Petnia  bina,  PalttOcydoB  poipita,  Halyntea  catemilariaB  (or 
the  chain-canl),  Conmlites,  EncrimiruB  pnnotafciis,  Pentamenis  ohlongufl,  P.  lens, 
dthiB  caUigramma  and  O.  hyhrida,  Strophomena  funiooUta  and  S.  pecten,  Pterinea 
retroflexa,  Mytiliu  mytilimeria,  M.  ovalu,  Atiypa  tmnida,  Bhyncnonella  horealia, 
Euompludns  fonatna,  IbnmaatuB  Bamenaia,  Phaoopa  caudatoa,  and  Beyrichia  taber- 
ciilata  or  Ekodem. 

On  the  other  hand,  the  following  apedes  in  theae  aame  beda  and  thoae  of  Hnntley 
Hill  never  rite  im^  the  WMock  shale :  yis.  Atrypa  hemisphterica,  Pentameri  (four 
species),  Rhynchonella  Inrcata,  Strophomena  oompressa,  Tentacnlites  anglicua,  Petraia 
aubdnplicata,  and  Lituites  oomu-arietia.  The  lai^mentioned  fossil  occurs  in  rocks  of 
this  age  at  Preateign,  and  has,  indeed,  been  prerionsly  deacribed  as  a  Oaradoc  or  Bala 
form. 
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At  the  same  time  we  see,  that  between  this  Pentamerus  rock  and  all 
the  inferior  strata  there  is  a  much  greater  hiatus  even  than  on  the  west 
flank  of  the  Malyems.  Infinitely  less,  in  short,  does  the  May  Hill  sand- 
stone exhibit  any  feature  of  that  close  relationship  with  the  lower  de- 
posits which  is  evident  in  the  environs  of  Llandovery  and  Llandeilo. 

The  same  north  and  south  anticlinal  which  is  apparent  in  May  Hill 
and  Huntley  Hill,  is  continued  southwards  with  a  bend  to  the  east  at 
Pyrton  Passage,  and,  crossing  the  Severn,  it  passes  into  the  remark- 
able tract  of  Tortworth,  where  the  Silurian  rocks,  emerging  from  beneath 
the  Old  Eed  and  Carboniferous  formations,  have  been  long  known  to 
geologists.  There,  the  elevation  of  the  axial  line  being  less  considerable 
than  in  the  Malvems  or  at  May  Hill,  the  oldest  rock  visible  is  the  Upper 
Pentamerus  sandstone  with  much  trap  rock,  which,  occupying  a  large 
area,  is  seen  to  be  immediately  surmounted  by  the  Wenlock  formation 
with  two  courses  of  limestone  and  feeble  representatives  of  the  Ludlow 
rocks*.     (For  details  see  Sil.  Syst.  chap.  34.) 

The  most  eastern  tracts  in  England  where  the  Upper  Llandovery 
rock  has  been  raised  to  the  surface  are  the  Lower  Lickey  Hills  in 
Worcestershire^  and  near  Barr  in  Staffordshire,  at  both  of  which 
localities  that  rock  supports  the  base  of  the  Upper  Silurian  deposits 
of  the  adjacent  tracts  of  Dudley  and  Walsall.  At  the  Lickey, 
low  heathy  hills,  in  truth  miniature  mountains,  are  chiefly  com- 
posed of  quartz  rocks,  lithologically  identical  with  those  masses 
on  the  flanks  of  the  Caradoc  and  Wrekin  which  have  been  formed 
by  the  fusion  of  sandstone.  The  Lickey  quartz  most  probably 
owes  its  character  to  a  similar  cause;  though  in  this  case  the 
igneous  agency  has  not  found  issue  at  the  surface  in  the  form  of 
trap  rock,  as  at  Dudley  further  north,  or  in  Shropshire,  where  such 
igneous  rocks  are  rife  upon  a  similar  axial  line.  In  other  words, 
the  Lickey  quartzite  lies  upon  a  line  of  former  eruption.  On  its 
flank  this  rock  graduates  into  an  ordinary  grit  or  sandstone,  in 
which  the  Pentamerus  lens  occurs,  and  thus  all  doubt  of  its  age  is 
removed ;  whilst,  just  as  in  the  other  tracts  above  mentioned,  this 
hard,  siliceous  sandstone,  particularly  on  its  eastern  and  soudiem 
parts  (Colmers  and  Kendal  End),  is  conformably  surmounted  by 
a  calcareous  shale  with  a  thin  course  of  limestone,  which,  as  at 

*  Earl  Ducie,  who  has  made  himself  longs  to  him,  has  also  added  much  to 

completely  master  of  the  structure  and  our  acquaintance  with  it,  by  collecting 

range  of  the  rocks  of  this  comphcated  several  species  of  fossils  unknown  to  me 

district,  so  large  a  portion  of  which  be-  when  I  published  the  'Silurian  System.' 
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Wodhope^  Gorton  near  Presteign,  and  Old  Radnor^  contains  Upper 
Silnrian  fossils. 

Evidences  have  thns  been  given  to  show  how  certain  portions  of 
the  Silurian  strata  are  omitted  in  variable  quantities  in  different 
districts.  At  May  Hill^  all  the  Lower  Silurian  rocks^  including  the 
liingula  flags^  the  Llandeilo  and  Caradoc  formations^  and  even  the 
Lower  Llandovery  rocks^  are  absent ;  the  Pentamerus  sandstone 
being  there  seen  to  repose  at  once  on  hard^  unfossiliferous^  slaty 
rock.  At  the  Malvern  HiUs  the  lowest  zone,  or  the  equivalent  of  the 
Lingula  flags,  seems  to  be  intercalated,  but  is  succeeded  at  once  by 
the  Upper  Llandovery  rocks ;  the  true  Llandeilo  and  Caradoc  being 
also  excluded,  as  at  May  Hill.  In  Shropshire,  no  such  great  hiatus 
occurs ;  for  there  the  original  Caradoc  formation  exhibits  a  copious 
series  of  sheUy  sandstones  (from  4000  to  5000  feet  thick)  rising 
firom  beneath  the  Pentamerus  rock,  which  is  not,  however,  con- 
nected with  the  subjacent  mass. 

The  reader  must  here,  however,  be  reminded,  that  in  the  original 
Silurian  r^on  there  are  large  rocky  districts  of  Shropshire  and 
Badnorshire,  as  those  of  Shelve  and  Builth,  in  which  the  Llan- 
deilo flags  are  not  followed  by  the  Caradoc  rocks.  That  formation^ 
of  such  large  dimensions  elsewhere,  has  there  been  entirely  omitted, 
and  the  older  deposit  of  Llandeilo  is  at  once  covered  by  a  thin  band 
only  of  the  Upper  Llandovery  or  Pentamerus  sandstone,  followed 
by  the  Upper  Silurian  shales.  In  those  cases,  it  is  manifest  that 
powerful,  but  limited  and  local  oscillations  of  the  sea-bottom  have 
taken  place,  by  which  the  black  muddy  sediment,  with  its  trilobites 
and  shells,  was  raised  up,  constituting  the  Llandeilo  flags,  and  was 
placed  beyond  the  influence  of  the  waters  under  which  the  true 
Caradoc  sandstones  were  accumulated  in  so  many  other  districts. 
But  the  older  Llandeilo  rocks  so  elevated,  were  again  depressed 
beneath  the  sea,  to  receive  on  their  upturned  edges  the  accumula- 
tions of  the  Pentamerus  band  and  the  overlying  Upper  Silurian 
series  (see  Sections,  p.  62). 

The  geologist  who  reasoned  firom  such  phenomena  only,  might 
be  led  to  believe  that  a  general  break  had  occurred  in  the  heart  of 
the  Lower  Silurian  rocks,  or  between  the  Llandeilo  and  Caradoc 
formations;  but  in  this  he  would  greatly  err,  for  no  such  hiatus 
exists  over  a  large  region  of  Wales.    On  the  contrary,  by  extending 
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our  observations^  we  find  that  the  absence  of  the  great  Caradoc 
deposit  in  two  or  three  tracts  is^  after  all^  a  local  phenomenon; 
inasmuch  as  we  recognize  the  spread  of  that  formation  over  a  wide 
region  of  the  Principality^  where  it  lies  symmetrically  upon  the 
Llandeilo  rocks. 

When  the  Upper  Silurian  rocks  shall  have  been  described^  a  set 
of  tables  will  be  placed  before  the  reader^  showing  the  omissions  of 
certain  strata  in  some  tracts  and  their  fuU  sequence  in  others. 
In  the  mean  time^  let  us  remember^  that  whatever  may  have  been 
the  amount  of  disturbance  of  the  ancient  sea-bottom  at  the  con- 
clusion of  the  true  Caradoc  deposit^  there  are  districts  both  in 
North  and  South  Wales  where  no  signs  of  such  movements  can 
be  detected,  but  where  all  the  sediments  from  the  Llandeilo 
through  the  Caradoc  to  the  Lower  Llandovery  rocks  inclusive 
seem  to  have  succeeded  each  other  quietly,  or  at  all  events  with- 
out exhibiting  any  rupture  in  their  succession.  Above  all,  it  is 
to  be  recollected,  that  whatever  may  have  been  the  amount  of  phy- 
sical disturbance  between  the  lower  and  the  upper  member  of  the 
Llandovery  rocks,  the  organic  remains  of  that  formation  tmques- 
tionably  connect  it  with  the  Lower  as  well  as  the  Upper  Silurian 
rocks,  and  thus  display  a  true  transition  from  the  inferior  strata  of 
which  we  have  taken  leave,  into  those  overlying  deposits  whose 
structure  and  contents  we  are  about  to  consider. 


Li  illustration  of  the  conformity  apparently  existing  between  certain 
strata  which  have  hitherto  been  classed  with  the  Lower  Silurian,  but 
are  now  determined  by  their  organic  remains  to  pertain  to  the  base  of 
the  Upper  Silurian,  three  sections  are  here  offered. 

In  the  former  edition  of  this  work,  certain  sections  and  their  descrip- 
tions, as  taken  from  the  publications  of  the  Geological  Survey,  though 
perfectly  correct  in  delineating  the  physical  data,  call  for  another  ex- 
planation. 

On  the  revision  of  a  large  region  of  Wales  by  Mr.  Aveline,  under 
the  direction  of  Professor  Bamsay,  the  following  points  have  been  re- 
adjusted. In  the  first  of  these  diagrams  (given  at  p.  79  of  the  former 
edition),  the  title  is  changed  from  Llandeilo  schists  supporting  Caradoc 
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aaadstone,  into  the  Caradoe  formation,  a,  supporting  Tarannon  shales,  h, 
and  Denbigh  grits,  e ;  the  kst-mentioned  being  known  to  contain  Wen- 
lock  fossils,  and  therefore  to  be  of  Upper  Silurian  age.  In  this  recti* 
fication  the  reader  will  see  how  important  is  that  separation  of  the  Bala 

CABiJ>OC  OB  BAJLk  FOBMATIOir  BrPFOBTINO  THX  TaBAWOH  ShALBS  AKD 

DsHBieH  Obits  (E.  ot  Bjxa).    (Horis.  Sect.  OeoL  Suirej,  No.  85.) 


a,  Oaradoc  foTmation  with  thin  oounes  of  Bala  limestone,    h,  Tanumon  Bhales  or  psle 
slates,    e.  Denbigh  grits  and  shales  lying  in  perfect  eonformitj  on  the  pale  slates. 

The  slaty  cleavage  is  partiallj  represented  by  white  lines.    The  dark  traversing  lines 
are  firahs,  *,  wheieby  the  Upper  Oaradoc  beds  are  lost. 

from  the  Uandeilo  formation,  which  has  been  so  fully  explained  in  the 
preceding  pages. 
In  the  next  section,  the  lowest  beds,  by  are  simply  the  Tarannon 

BoBDXBS  OF  Badhob  AND  MoHTOOMKBT.    (Horix.  Sect.  QeoL  Surrey,  No.  87.) 
N.W.  S.E. 


h  h 

h.  Tsnnnon  sbales  or  pale  slates,    e.  Denbigh  grits,  with  grey  and  blue  schists. 

shales  or  pale  slates,  which  occupy  an  intermediate  space  between  the 
Pentamerus  or  LlandoTciy  rocks  and  the  unquestionable  Upper  Silu- 
rian ;  the  OYorljing  grits  and  shales,  c,  like  those  of  the  previous  section, 
forming  the  base  of  the  Upper  Silurian.     Again,  in  the  third  section, 

Badkobshibb,  S.  of  Llaitbistbb.    (Horia.  Sect.  GeoL  Surrey,  No.  27.) 

N.W.  S.B. 


h.  l^mnnon  shales  (pale  slates),    e.  Denbigh  grits,  Ac.    d.  Wenlock  shale  in  its 
ordinary  characters. 

we  have  before  us  the  true  Wenlock  shale,  rf,  above  all  the  masses  ex- 
hibited in  the  previous  sections. 

The  Tarannon  shales,  occasionally  of  hard,  sUty  character,  and  of 
various  colours, — in  some  places  so  pale  a  grey  as  to  have  been  termed 
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*  pale  slates,'  in  others  of  purple  colour, — ^have  been  shown  by  Mr.  Jukes 
and  Mr.  Aveline  to  form  a  geological  band  of  great  persistence,  which, 
beginning,  according  to  the  last-mentioned  surveyor,  in  small  dimen- 
sions near  Llandovery,  expands  in  its  course  through  Sadnor  and  Mont- 
gomery, and  in  N.  Wales  becomes  an  important  subdivision.  It  is  hurgely 
and  clearly  exhibited  near  New  Bridge,  and  at  Tarannon,  between  Uan- 
brynmaer  and  Llanidloes  in  Montgomeryshire.  Fossils  are  rare,  and 
those  which  occur  do  not  absolutely  determine  whether  the  beds  should 
be  classed  with  the  Upper  Llandovery  rocks  we  have  been  considering, 
or  with  the  Wenlock  formation.  Li  a  physical  and  geological  sense,  Prof. 
Bamsay  and  Mr.  Aveline  would  class  them  with  the  latter.  Mr.  Salter 
would  rather  connect  them  with  the  Upper  Llandovery  rocks. 

However  this  may  be,  the  next  band,  c,  which,  from  its  mineral  cha- 
racter, has  previously  been  termed  Caradoc  sandstone,  must  clearly, 
through  its  fossils,  be  classed  with  the  overlying  shale,  d,  of  the  Wen- 
lock  formation.  The  sandstone,  «,  is,  in  short,  known  to  be  a  prolon- 
gation of  the  *  Denbigh  grits  and  flags,'  which,  from  their  being  uncon- 
formable to  the  older  slates  and  rocks,  and  containing  Wenlock  fossils, 
Professor  Sedgwick  properly  considered  to  be  the  base  of  the  Upper 
saurian  of  K  Wales*. 

Among  the  most  abundant  of  these  fossils  there  is,  however,  one  form, 
Bhynchonella  decemplicata,  which  is  also  characteristic  of  the  Llandovery 
rocks.  But  with  it  are  many  common  Upper  Silurian  fossils,  such  as 
Phacops  DowningiflB,  P.  caudatus,  Spirifer  trapezoidalis,  Cucullella  ovata, 
Chonetes  (Leptssna)  lata,  Murchisonia  (Pleurotomaria)  Lloydii,  Bellero- 
phon  trilobatus,  B.  carinatus,  Orthoceras  amiulatus,  &c. 

In  the  general  Table  of  Colours  attached  to  the  Map,  these  '  Denbigh 
grits '  are  therefore  placed  at  the  bottom  of  the  Wenlock  formation. 
But  as,  with  the  exception  of  parts  of  North  Wales,  where  the  beds  are 
sandy,  the  Wenlock  formation  is  eminently  distinguished  by  its  purely 
argillaceous  base,  these  exceptional  examples  have  been  first  disposed  of, 
and  we  now  proceed  to  consider  the  Upper  Silurian  rocks  from  their 
base  upwards,  as  developed  in  the  original  Silurian  Begion. 

♦  Quart.  Joum.  Geol.  Sec.  vol.  i.  pp.  1.9,  21. 
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CHAPTER  VI. 

UPPEB  SILUBIAN  BOCKS. 

GENSRAL  CRASACTKR,  OV  THE  UPFXB  SILXTBIAIT  BOCKS,  AS  DIVIDED  IVTO  THl  WUf- 
LOCK  AND  LTTDLOW  V0BMATI0K8. — THX  WXVLOCK  POBMATION  OV  BHAJJB  AlTD 
MMBSTOKX,  WITH  ITS  OHIET  V088EU,  DB80BIBSD  IS  ASCEKDINO  OBDEB,  IBOM 
THE  SHALE  WITH  WOOLHOFE  LDCBSTOHB  TO  THE  WSKLOCK  OB  DUDLET  LDO- 
STONE  INCLUSITE. 

Examples  liave  already  been  adduced  to  indicate  the  order  in 
which  the  Lower  Silurian  rocks  are  overlaid  by  the  higher  divi- 
sion of  the  system;  and  we  have  now,  therefore,  to  consider  the 
mineral  characters  and  fossil  contents  of  the  latter  as  composed, 
in  ascending  order,  of  l^e  Wenlock  and  Ludlow  formations. 

As  the  older  schists  and  slates  were  assuredly  at  one  period 
nothing  more  than  finely  laminated,  marine  mud,  so  is  it  still  more 
apparent  that  such  was  the  former  state  of  the  greater  portion  of 
the  Upper  Silurian;  for  even  at  the  present  day  the  latter  is  com- 
posed of  materials  for  the  most  part  similar  to  those  of  the  older 
slates,  though  in  a  softer  and  less  coherent  state. 

Whether  these  argillaceous  masses  be  examined  in  the  wilds  of 
Radnor  Forest  and  the  eastern  parts  of  Montgomery,  in  the  western 
parts  of  Shropshire  (Long  Mountain),  or  in  many  tracts  of  South 
Wales  (see  Map),  they  present  the  uniform  'fades'  of  a  thick,  yet 
finely  laminated,  dark,  dull  grey  shale,  in  which  hard  stone  of  any 
strength  or  persistence  is  the  rare  exception.  Their  dominant  cha- 
racter, in  short,  is  that  of  'mudstone.' 

Banging  chiefly  firom  S.W.  to  N.E.,  they  rest  confoimably  upon 
lower  rocks,  in  numerous  undulations''^.  Looking  to  the  whole 
region  in  which  these  rocks  are  laid  down  upon  the  annexed  Map, 

*  The  Btrike  of  the  same  deposito  rection  of  the  great  South  Welsh  coal- 
varies  in  different  districts.  Thus,  in  field  (see  Map).  The  apparently  con- 
North  Wales,  the  prevalent  strike  is  formable  undulations  of  the  Lower  and 
nearly  N.N.E.— S.S.W.  In  the  Wen-  Upper  Silurian  rocks  in  various  parts 
lock  and  Ludlow  district  it  is  nearly  of  Wales  are,  indeed,  represented  in 
N.E.— S.W. ;  whilst  in  S.  Pemhroke  all  the  diamma  abeady  ^ven,  p.  113,  as 
the  Silurian  rocks  range  from  W.  by  N.  taken  from  the  published  horizontal 
to  E.  by  S.,  in  conformity  with  the  di-  sections  of  the  Government  Survey. 

i2 
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there  are  conBiderable  tracts  of  North  Wales  where  the  lowest 
members  of  the  Wenlock  formation  possess  mineral  characters  which 
distinguish  them  from  the  types  originally  described  in  Shropshire 
and  Herefordshire ;  but^  as  the  same  fossils  prevail  in  all  these  cases^ 
geological  classification  is  unaffected  by  such  lithological  variations. 
The  base  of  the  deposit  in  Wales  often  consists^  as  previously  stated, 
of  sandstones  or  grits^  with  shales  and  flagstones,  all  more  or  less 
affected  by  a  slaty  cleavage.  These  have  been  termed  'Denbigh 
grits^;  but  as  the  sandy  beds  thicken  and  thin  out  rapidly,  they  are 
simply  to  be  viewed  as  local  features  among  the  great  masses  of 
shale  (4*  of  the  Map)*.  In  &ct,  they  are  nothing  more  than  sedi- 
ments which  were  sandy  in  the  portion  of  a  former  sea  which 
covered  the  tracts  now  constituting  Denbighshire,  and  were  oo- 
temporaneously  muddy  or  argillaceous  in  more  eastern  meridians. 
Passing,  however,  from  such  varied  mineral  conditions  (for  at  Mar- 
loes  Bay  in  Pembrokeshire  the  strata  of  this  age  are  also  sandy), 
it  may  be  affirmed,  that  usually  the  Upper  Silurian  rocks  of  Wales 
have  been  only  so  far  affected  by  slaty  cleavage  as  to  leave  them  in 
that  disjointed,  incoherent  state  of  mudstone  (provincially  'rotch^), 
so  useless  to  the  mason  and  miner,  and  so  cold  and  profitless  to  the 
agriculturist.  In  all  such  tracts,  where  the  subdividing  limestones 
are  absent,  or  feebly  indicated,  it  is  only  by  dose  observation  of  the 
imbedded  fossils  that  the  formations,  so  clear  and  typical  in  other 
parts,  can  be  recognized. 

When,  on  the  contrary,  we  follow  the  same  deposits  from  Wales 
to  the  exemplar  tracts  of  Shropshire  and  Herefordshire,  where  the 
Upper  Silurian  rocks  were  classified  and  their  order,  character,  and 
fossils  first  described,  we  find  them  diversified  by  interpolated 
courses  of  limestone;  much  calcareous  matter  being  disseminated, 
both  in  nodules  and  in  flagstones. 

With  such  additions  to  the  richness  of  the  subsoil,  so  welcome  to 
the  proprietor,  the  geologist  usually  discovers  a  greater  abundance 
of  fossil  animal  remains  than  in  the  sterile  siliceous  or  argillaceous 
strata,  cotemporaneously  formed,  in  the  western  tracts;  whilst  by 


inem  irom  '*",  ine  vroomope  umestone,  cai  vaneties  ot  the  lower  poition  of  the 
and  4«,  Wenlock  shale,  the  reader  is  not  Wenlock  formation  usually  developed 
to  infer  that  any  difference  of  age  is     as  shale. 
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obsenring  the  order  of  superposition^  and  by  tracing  the  divisionary 
limestones,  he  reads  off  the  order  of  the  beds,  and  chronicles  with 
precision  the  succession  of  their  respective  fossils. 

In  this  way  the  Upper  Silurian  rocks  are  seen  to  consist,  as  a 
whole,  of  the  two  formations  to  which  I  assigned  the  names  of 
Wenlock  and  Ludlow;  each  of  these  being  subdivided  in  the 
manner  expressed  in  this  woodcut. 

Gknxsal  Obdxb  of  the  Uppxb  SnTrsi&ir  Rockb  ivolvdsd  bitwibv  shs  Uppbb 
Llakdoyxbt  OB  Mat  Hnx  Saitdstokx  akd  ths  Old  Bbd  SAirsflTOirx. 


e.  Pentamenu  rock,  in  this  ctistrict  often  a  limestone,  but  nsnally  a  pebbly  sandstone 
(Upper  Uandorefy  or  May  Hill SandstObe).  d\  Shale,  with  Lower  Wenlock  or  Wool- 
hope  limestone.  d».  Wenlock  shale,  d".  Wenlock  limestone.  s>.  Lower  Ludlow. 
«>.  Middle  Ludlow  or  Aymestry  limestone,  a*.  Upper  Ludlow  and  Tilestone 
/.  Bottom  of  Old  Red  Sandstone. 

The  inferior  member  of  the  Wenlock  fonnation  which  rests  on 
the  Upper  Pentamerus  rocks,  c,  as  seen  in  Shropshire  and  parts 
of  Wales,  is  chiefly  a  mass  of  dull,  argillaceous,  dark  grey  shale, 
rarely  if  ever  micaceous,  and  agreeing  with  the  pale  slate  before 
alluded  to.  Strictly  speaking,  there  is  no  continuous  band  of  lime- 
stone subordinate  to  the  lower  shale,  d^,  below  the  escarpment  of 
Wenlock  Edge  in  Shropshire;  the  rock  to  which  attention  is  first 
called  being  there  merely  represented,  as  also  in  some  other  tracts, 
by  a  few  calcareous  nodules  and  bands  of  sandstone,  cP. 

In  following  these  deposits  from  Shropshire  into  Herefordshire, 
the  great  limestone,  (P,  above  the  shale,  cP,  is  abready  found  on  the 
banks  of  the  Lugg,  west  of  Aymestry,  and  not  more  than  ten  miles 
from  the  Wenlock  Edge,  to  be  diminished  to  a  thin  irregular  stra- 
tum, chiefly  concretionary.  Further  to  the  south-west,  and  in  Rad- 
norshire, the  lime  disappears  entirely  amid  the  mudstones  above 
alluded  to;  but,  to  the  south  of  Presteign,  an  inferior  course  of 
limestone  is  interpolated  in  the  lowest  part  of  the  Wenlock  shale. 
This  rock,  d^  of  the  diagram,  and  which  has  been  alluded  to  in  the 
last  chapter,  merits  special  attention. 

Lower  Wenlock  or  Woolhqpe  Limestone. — ^An  examination  of  the 
old  quarries  at  Gorton,  one  mile  south  of  Presteign,  shows  that  this 
limestone  is  fairly  subordinate  to  a  black  shale,  which  rests  on  the 
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Pentamerus  grit  and  conglomerate  before  described.    This  super- 
position is  delineated  in  the  following  diagram. 

LowEB  WmrLOCK  at  Cobtoh,  nbab  Pbssteiqn. 

^  e.  CkMffBepebbly  grit,lmown  here 
88  *  Oorton  grit,'  with  Pent*- 
menu  oblonguBj&o.  (^.Wen- 
lock  shale  with  W»olhope  or 
Lower  Wenlock  limestone, 
g.  Orarel  of  the  Valley  of 
j^resteign. 

To  the  south  of  Gorton  lies  the  large  and  loftier  rock  of  Nash 
Scar,  formed  of  the  same  limestone,  which,  whether  thick-bedded  or 
nodular,  has  been  fused  into  one  subcrystalline  mass ;  the  stratified 
character  having  been  destroyed,  and  the  shale,  once  associated  with 
the  limestone,  obliterated,  as  expressed  in  this  diagramf. 

AltTSBBD  LmSTOHB  OF  Na8H  ScAB. 

(From  SiL  Syst.  p.  818.) 


c.  Arches  of  Woolhope  limestone  and  shale,  d\  followed  by  d*,  amorphous  or 
altered  limestone,    o.  Cayems. 

In  tracing  the*  strata  southwards  along  this  axis,  other  masses  of 
lim^tone  more  or  less  amorphous  are  seen  near  Old  Radnor,  which, 
in  proportion  as  they  approach  the  eruptiye  masses  of  Stanner  and 
Hanter  Bocks,  and  Worsel  Hill,  or  the  highly  metamorphosed  rock 
of  Old  Radnor  and  Yat  Hill,  are  themsdves  subcrystalline,  and 
unbedded,  with  coatings  of  serpentine  upon  the  surfaces  of  the 
joints.  On  the  contrary,  in  receding  westwards  from  that  line  of 
eruption  and  metamorphism,  into  the  Yale  of  Radnor,  to  the  south- 
east of  Harpton  Court |,  the  limestone  begins  to  resume  its  bedded 


t  The  rocks  of  Nash  Scar  and  Old 
Radnor  aie  the  only  masses  of  limestone 
in  this  region,  and  as  there  are  no  other 
calcareous  rocks  worth  burning  to  lime 
between  this  district  and  the  sea-coast, 
they  are  of  high  value  to  the  Welsh 
proprietors ;  the  Ume  being  transported 
to  great  distances  westward  (see  Map). 


X  The  seat  of  my  esteemed  friend  the 
late  Sir  T.  Frankland  Lewis,  whose 
successor.  Sir  George  Comewall  Lewis, 
now  Chancellor  of  the  Exchequer,  first 
urged  me  to  put  top;ether  all  mv  geo- 
logical records  of  this  renon,  and  form 
the  work  afterwards  called  the '  Silurian 
System.' 
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character,  resting  on  the  pebbly  Pentamerus  conglomerates  which 
range  by  Old  Radnor  church  and  Yat  Hill.  Whilst  the  following 
section,  i^ken  from  one  of  the  coloured  sections  of  the  Oovem- 
ment  Survey,  exhibits  the  syenite  and  greenstone  of  Hanter  Hill 
throwing  off  the  Ludlow  rocks  to  the  south-east,  it  is  also  sug- 
gestive of  the  belief,  that  another  body  of  igneous  rock  lies  subja^ 
cent  to  the  conglomerate  and  crystalline  limestone  of  Old  Radnor 
and  Yat  Hill,  where  the  coatings  of  serpentine  and  brecciated  and 
altered  features  of  the  stratified  rocks  are,  in  the  eye  of  the  geolo- 
gist, conclusive  evidences  in  favour  of  such  relations. 


N.W. 


S.E. 


d*  e 


e.  Ludlow  rocks,  d*.  Wenlock  sluJe.  d}.  Woolhope  or  Lower  Wenlock  limestone 
(partiaUy  altered  with  Berpentine  Uuon).  e.  Pentamerus  sandstone  (Upper  Oaradoc, 
o«w),  in  parts  altered.    *  Eruptiye  rocks  (syenite,  greenstone,  and  hjpersthene  rock) . 

The  eruptive  rocks  of  this  tract  are  highly  picturesque,  and  as  they 
offer,  in  a  very  small  compass,  phenomena  which  characterize  large 


SUnoer  Bocks. 


Yrw  7B0M  Stajtiteb  Bocks  (Wobsel  Wood,  Hantbb  Hill,  and  Heboebt  Bidob 
Bxnra  buccbssitely  sben  in  the  distance).    (From  SiL  Syst.  p.  811.) 

mountain  masses,  a  sketch  of  them  is  anneiLed.     The  spectator  is 
placed  at  the  south-eastern  foot  of  Stanner  Rocks,  near  Kington, 


Digitized  by  VjOOQIC 


120  SILITBIA.  [Chap.VL 

which  are  chaj^d  with  hypersthene;  this  mineral^  though  common 
in  some  foreign  countries^  and  abounding  at  Loch  Scavig^  in  Skye, 
has  hitherto  been  found  in  one  other  British  locality  only. 

The  greater  expansion  of  the  Lower  Wenlock  or  Woolhope  lime- 
stone in  Radnorshire,  as  compared  with  that  of  the  few  nodular 
strata  of  the  same  age  in  Shropshire,  must  doubtless  have  been  in 
great  measure  due  to  the  larger  amount  of  the  original  calcareous 
deposit,  the  nature  of  which  is  still  visible  in  the  old  quarries  near 
Presteign.  The  amorphous,  massive,  and  crystalline  condition, 
however,  of  the  same  rock  at  Nash  Scar  and  Old  Radnor,  was,  we 
cannot  doubt,  caused  by  the  action  of  heat  issuing  along  a  line  of 
fissure,  which,  emitting  the  igneous  rocks  of  Stanner,  Worsel,  and 
Hanter,  ftised  the  strata  into  huge  amorphous  masses,  and  left  films 
of  serpentine  on  the  faces  and  joints  of  the  altered  limestone. 

Nearly  all  the  fossils  which  have  been  found  in  the  limestone  of  this 
tract,  whether  by  Mr.  Edward  Davis,  who  discovered  most  of  them,  and 
specially  assisted  me  in  studying  them,  or  subsequently  by  the  Govern- 
ment Geologists,  are  true  Wenlock  and  Upper  Silurian  forms. 

Some  of  these,  such  as  the  trilobites  Bmnastus  Barriensis,  Phacops 
caudatus,  and  Encrinurus  variolaris,  with  the  shells  Leptsna  IsBvigata  and 
Nerita  prototypa,  large  encrinite  stems,  and  several  corab,  are  well- 
known  published  fossils  of  the  limestones  of  Wenlock  and  Dudley*; 
and  in  addition  to  these,  even  the  Pentamerus  Knightii  has  also  been 
found,  which,  as  will  hereafter  be  stated,  is  a  marked  fossil  of  the  over^ 
lying  Ludlow  formation.  With  these,  however,  two  species  of  shells 
have  been  found  which  usually  belong  to  a  lower  horizon, — the  Atrypa 
hemisphsBrica  and  Staurocephalus  Murchisoni ;  the  former  being  abun- 
dant in  the  Llandovery  rocks,  whiht  the  latter  is  even  a  Caradoc  or  Bala 
fossil. 

Lower  Wenlock  at  Woolhope  near  Hereford,  the  Malvern  Hills, 
May  Hill,  Sfc. — Let  us  now  consider  the  character  of  the  lowest 
calcareous  member  of  the  Upper  Silurian  rocks  exhibited  in  the 
centre  of  the  most  symmetrical  valley  of  elevation  in  the  British 
Isles,  or  that  of  Woolhope  in  Herefordshire.  There,  the  limestone 
in  question,  as  seen  in  the  following  diagram,  forms  the  exterior 
coat  of  a  central  dome,  c,  in  which  the  summit  of  the  Upper  Llan- 
dovery rock  or  May  Hill  sandstone  is  barely  visible,  and  fix)m  which 

♦  Sil.  Syst.  p.  313. 
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the  Woolhope  limestone^  rf*,  dips  away  on  all  sides,  to  pass  under  the 
Wenlock  shale,  rf*,  with  its  chief  limestone,  dP;  whilst  these  again 
plunge  under  the  Ludlow  rocks,  e,  and  Old  Bed  Sandstone,  /,  as 
displayed  in  this  diagram.     In  short,  the  student  has  here  before 


Sbctiov  A0B068  THB  sisTATED  Yallxt  ov  Woolhops.    (Prom  SiL  fifjst.) 

W.S.W.  BmskWood.  DefCNuPark.      8««crBilL  EJ(.B. 


f^ 


c.  Summit  of  Upper  Llandovery  rock.  dK  Woolhope  or  Lower  Wenlock  limestone  and 
shale,  d^.  Wenlock  shale,  d^.  Wenlock  limestone.  «>.  Lower  Ludlow,  e*.  Middle 
Ludlow,  or  Aymestry  limestone,  e*.  Upper  Ludlow.  /.  Old  Bed  Sandstone  (base  of) . 


him,  on  either  side  of  the  central  dome  of  Haugh  Wood,  a  full 
exposition  of  all  the  Upper  Silurian  rocks  from  the  base  to  their 
summit. 

The  phenomena  of  this  most  remarkable  elliptical  mass  (see 
Map),  insulated  and  raised  up  through  a  great  area  of  overlapping 
Old  Bed  Sandstone,  were  first  described  in  the  '  Silurian  System,' 
and  have  since  been  given  in  still  greater  detail  by  Professor  Phillips. 
The  term  'valley  of  elevation'  does  not  convey  an  adequate  idea  of 
this  wonderful  geological  scene;  for  within  the  encircling  ridge  of 
Ludlow  rocks,  e^,  there  is  one  parallel  surrounding  valley  in  the 
Ludlow  shale,  e^,  and  another  in  the  Wenlock  shale,  €P,  or  between 
the  ridge  of  Wenlock  limestone,  d^,  and  the  Woolhope  limestone,  cP. 
Thus,  by  the  elevation  of  the  various  strata  around  a  common 
centre,  and  by  the  subsequent  excavation  of  their  softer  members, 
the  hill  or  dome  of  Haugh  Wood  has  been  left  by  natural  causes, 
as  if  it  were  a  huge,  artificial,  intrenched  camp  with  two  encircling 
mounds  and  two  circumfluent  valleys'^. 


*  One  of  the  most  striking  features 
for  the  consideration  of  the  geologist  is, 
that  neither  the  central  dome  nor  the 
surrounding  ridges,  including  the  outer 
encircling  rmg  of  Ludlow  rocks,  offer  a 
trace  of  drifted  matter  or  ^vel,  nor 
even  any  remnants  of  the  various  strata, 
which  must,  in  the  process  of  elemtion. 


have  been  first  bent  over  in  the  form 
represented  by  the  dotted  lines,  and 
afterwards  demolished.  All  the  debris 
resulting  from  the  destruction  of  this 
once  great  solid  mass  has  therefore  been 
swept  out;  the  tract  beinff  one  of  clean 
dei^udation.  Another  stiuung  example 
of  a  similar  phenomenon,  and  which 
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It  is  on  the  outside  of  the  inner  dome  of  these  synunetrical  ele- 
vations that  the  Lower  Wenlock  zone^  as  above  shown,  is  most  clearly 
exposed.  Having  been  raised  equably  on  the  outward  &oe  of  the 
dome  of  Haugh  Wood,  the  nature  of  the  calcareous  deposit  can  be 
seen  in  detail  on  the  sides  of  the  roads,  whilst  the  best  limestones, 
which  have  been  largely  opened  out  since  I  described  the  tract, 
afford  numerous  fossils  unknown  when  the  '  Silurian  System '  was 
published. 

In  ascending  order,  the  beds  may  be  thus  described.  The  top  of  the 
central  dome  of  Woolhope,  e,  with  its  transition  beds,  is  a  greenish, 
earthy,  calcareous  saadstone,  containing  the  following  fossils,  as  described 
in  the  last  chapter  on  the  Llandovery  Bocks : — Fentamerus  lens  (Atrypa, 
Sil.  Syst.),  Atrypa  reticularis  (A.  affinis,  Sil.  Syst.),  Petraia  bina  (Tur- 
binolopsis,  Sil.  Syst.).  This  course  is  followed  by  shale  with  calcareous, 
gritty  flagstones,  containing  the  large  Fentamerus  liratus  (Atrypa  li- 
rata,  Sil.  Syst.),  Foss.  14.  f.  8.  p.  100,  and  in  the  more  nodular  portions 
abundance  of  Leptasna  transversalis  and  Atrypa  reticularis.  Layers  of 
an  impure  earthy  limestone  succeed,  containing  Strophomena  depressa, 
a  species  which,  though  occurring  in  the  Lower  Silurian  rocks  of  North 
Wales,  becomes  much  more  abundant  in  the  Wenlock  formation. 

In  the  next  overlying  bands  of  shale,  we  pass  fairly  into  the  unequi- 
vocal Upper  Silurian.  In  these,  calcareous  matter  so  increases  as  to 
form  strong  beds  of  dark,  indigo-coloured,  argiUaceous  limestone,  which 
is  characterized  by  cross  veins  of  pink  and  white  calcareous  spar.  The 
strongest  bed  (about  10  feet  thick)  is  a  tough,  impure,  earthy  limestone, 
largely  extracted  for  the  roads ;  and  it  is  again  covered  by  a  stratum 
of  purer  limestone,  followed  by  shale  with  an  upper  bastard  limestone. 
Now,  although  the  whole  of  the  calcareous  courses  of  this  subformation 
have  no  greater  maximum  thickness  than  30  to  40  feet,  still  the  rock, 
together  with  its  interpolated  beds  of  sandy  shale,  is  seen  to  occupy  a 
very  great  surface  on  the  annexed  Map,  irom  its  being  so  equably  spread 
out  at  a  low  angle  of  inclination.  Among  the  chief  fossils  of  this 
limestone,  which  I  have  collected  on  the  spot,  are  the  two  trilobites 
of  the  following  woodcut,  viz.  Bumastus  Barriensis,  Foss.  16.  f.  2,  and 

clearly  demonstrates  the  intenBely  power-  along  the  outer  ledge  of  Ludlow  rocks, 

fill  agency  of  former  geological  causes,  leaving  the  magnificent  Park  of  Stoke 

is  seen  in  the  heart  of  the  Ludlow  pro-  Edith  on  the  left  and  Devereux  Park, 

montory,  p.  128.    The  mode  of  exami-  hoth  the  property  of  Lad^  Emily  Foley, 

nation  of  this  picturesque  tract,  which  on  the  nght;  and  passmg  along  the 

will  most  interest  the  traveller,  is  toenter  crest  of  Seager  Hill,  thence  cross  the 

it  by  Mordiford,  through  the  only  con-  vidley  by  Woolhope  to  Fownhope>  there 

siderable  opening  by  which  the  waters  rejoining  the  carnage  road.  For  details, 

escape  from  the  mterior  of  the  vallevi  see  '  Silurian  System,'  with  enlarged 

and,  mounting  to  Backbury  Camp,  walk  Map,  &c.,  p.  42?. 
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Hoinalonotus  delphinooephalus,  f.  1.  There  are  also  Fhacops  caadatus 
(AsaphuB,  Sil.  Syst.) ;  Comulites  serpiilariiis ;  Orthoceras  annulatum ; 
a  species  of  Fhragmoceras ;  Euomphalus  sculptus;  Spirifer  elevatus; 
Strophomena  imbrex ;  S.  pecten ;  S.  depressa ;  LeptsDiia  transrersaliB ; 
Orbicula  Forbesi ;  Atrypa  reticulans ;  Ehjnchonella  Wilsoni,  &c. ;  and 
rarely  Orthis  elegantula. 


FO68I10  (16).    Teilobitbs  ov  Loweb  Whtlocx  ob  Woolhopb  LmBSToms. 


1.  HomalonotiiB  delphi- 

nooephalus,  Ghrei0n. 

2.  Bmnastofl  BarriensiB, 

and  profile  of  the 
head. 


These  figures  are  about 
one-third  the  natural 


Here  again^  as  in  Radnorshire,  we  have  a  great  predominance  of 
true  Wenlock  fossils,  and  one,  the  Rhynchonfella  Wilsoni,  which,  as 
we  shall  presently  see,  is  most  abundant  in  the  highest  Silurian 
division,  or  Ludlow  rocks ;  and  thus  in  their  relative  position  as  well 
as  in  their  fossils,  the  Woolhope  and  Radnorshire  Umestones  are 
identical. 

The  Silurian  formations,  which  range  from  the  Malvern  HiUs  and 
the  Woolhope  district  to  May  and  Huntley  Hills  in  Gloucestershire, 
exhibit  the  same  general  order  of  succession,  accompanied,  however, 
by  modifications  of  the  lithological  and  zoological  distinctions  of 
the  lower  member  of  the  Wenlock  formation,  which  it  is  right  to 
notice.  Instead  of  being  the  compact,  hard,  tough,  and  strong- 
bedded  rock  of  Woolhope,  it  becomes,  on  the  western  flank  of  May 
Hill,  a  group  of  nodules  and  very  irregular  courses  disseminated  in 
shale,  simply  forming  a  rather  more  calcareous  base  of  the  Wen- 
lock shale  than  what  is  seen  under  the  Wenlock  Edge  and  other 
places  where  similar  nodules  occur.  At  May  Hill,  as  already 
shown,  there  is,  indeed,  an  upward  development  from  masses  of 
Pentamerus  sandstone  beneath,  into  a  series  of  interlaminated  sand- 
stones and  shale,  which  assume,  to  a  great  extent,  the  fossil  cha- 
racters of  the  Lower  Wenlock.     In  no  portion  of  Britain,  therefore, 
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are  the  two  formations  of  Llandovery  rocks  and  Wenlock  shale 
better  linked  together  than  in  the  Malvern  and  May  Hill  region. 

This  tract,  so  elaborately  described  by  Professor  Phillips,  was 
also  carefully  studied  by  Sir  Henry  De  la  Beche  himself,  when 
the  line  of  demarcation  between  the  Lower  and  Upper  Silurian 
rocks  fixed  upon  by  the  Grovemment  Surveyors  was  made  the 
same  as  that  which  had  been  originally  suggested  in  the  '  Silurian 
System*/  On  the  west  flank  of  the  North  Malvems,  the  sand- 
stone with  Pentamerus  oblongus  passes  upwards  into,  and  is  inter- 
laced with,  subcalcareous  bands,  in  which,  as  before  said,  these  shells 
are  mixed  with  others  essentially  Wenlock.  After  lucidly  explain- 
ing how  such  transitions  harmonize  with  well-understood  operations 
in  nature,  and  that  in  this  locality  there  is  no  firm  and  hard  bound- 
ary between  the  inferior  and  superior  strata,  Professor  Phillips 
thus  writes: — ''As  a  general  result,  it  is  quite  evident,  that  the 
successive  changes  of  organic  forms,  as  they  are  exhibited  to  us  in 
the  successive  groups  of  strata,  are  not  simply  dependent  on  the 
lapse  of  time,  nor  explicable  as  a  series  developed  in  proportion  io 
the  time,  unless  we  survey  the  phenomena  over  very  wide  areas, 
and  include  in  the  comparative  terms  geological  periods  long  enough 
to  neutralize  the  influence  of  peculiar  physical  conditions.  These,^' 
he  truly  says,  ''on  account  of  their  local  origin,  limited  area  of 
effect,  and  recurrence  at  indifierent  periods,  have  at  almost  every 
geographical  point,  at  some  epoch  or  other,  broken  or  mingled  the 
series  of  organic  lifef.'^  This  is  and  has  long  been  my  belief,  as 
founded  on  extensive  observation. 

A  UmeBtone  subordinate  to  shale,  and  bearing  precisely  the  same 
relations  to  a  subjacent  sanditone  as  that  of  the  localities  above  cited, 
occurs  on  the  western  and  south-eastern  flank  of  the  Lower  Lickey 
Hills  in  Worcestershire.  There,  the  Silurian  rocks  consist  of  Penta- 
merus sandstone,  overlapped  on  its  edge  by  shale,  in  which  are  courses 
of  limestone  (at  Colmer's  End),  the  whole  having  been  thrust  up  as  an 
irregular  dome  through  the  overlying  coal-measures  and  red  sandstone. 
Again,  in  the  adjacent  tract  near  Walsall,  and  between  that  town  and 
the  Barr  Beacon,  the  same  Lower  Wenlock  or  Woolhope  limestone, 
long  worked  at  the  Hay  Head,  dips  away  firom  a  point  of  similar  sand- 

*  See  Sil.  Syst.  p.  442  et  seq. 

t  See  Memoirs  of  the  Geological  Survey  of  Great  Britain,  vol.  ii.  p.  75. 
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stone*,  ta  pass  at  a  gentle  angle  of  8^  or  10^  under  the  great  body  of 
the  shale  with  its  calcareous  nodules  and  numerous  small  fossils ;  the 
whole  being  covered  by  the  thick  or  chief  limestone  exhibited  in  the 
great  quarries  of  Walsall.  The  rock  contains  nearly  all  the  same  fossils 
found  at  Woolhope,  and  notably  the  Bumastus  Barriensis,  Fobs.  16. 
p.  123,  named  from  the  adjacent  village,  and  called  by  fossil  collectors 
the  '  Barr  Trilobite ;  *  together  with  many  forms  common  to  the  whole 
formation,  including  orthoceratites  and  coralsf. 

In  this  way^  proofs  have  been  obtained^  that  a  limestone^  the  real 
place  of  which  was  indicated  in  several  detached  districts  as  being 
inferior  to  the  great  mass  of  shale^  is  by  its  fossils  the  lowest  cal- 
careous member  of  the  Wenlock  formation. 

Wenlock  Shale, — The  shale,  which  is  infinitely  the  lai^est  and 
most  persistent  member  of  the  Wenlock  formation,  occurs  both 
below  and  above  the  Woolhope  or  lower  limestone;  the  latter 
being  abs^it  in  many  tracts,  and  in  others  represented  solely  by  a 
few  small  elliptical  and  round  concretions  of  impure  and  earthy 
limestone.  The  pure  shale  is  well  exposed  on  the  banks  of  the 
Severn,  near  Coalbrook  Dale  and  the  Iron  Bridge,  where  it  is 
called  'Die  Earth j;,^  and  is  thence  to  be  followed  all  along  the 
escarpment  of  Wenlock  Edge,  occupying  a  broad  valley  of  denu- 
dation, called  Apes  Da|e,  between  that  ridge  and  the  Caradoc. 
In  the  Malvern  and  Woolhope  districts  it  is  also  a  mass  of  finely 
levigated  ai^iUaceous  matter,  the  lower  part  of  which  is  more  cal- 
careous than  in  Shropshire,  and  iu  parts  sandy  and  gritty.  Near 
Malvern,  where  the  shale  is  in  parts  highly  charged  with  fossils, 
particularly  the  small  Brachiopoda  figured  in  PL  22,  Professor  Phil- 
lips estimates  its  thickness  at  about  640  feet.  In  some  parts  of 
Wales  the  Wenlock  shale  is  as  incoherent  as  in  the  adjacent  English 
coimties ;  but  in  Denbighshire,  as  before  said,  it  is  represented  by 
hard,  slaty  sandstones  and  schists. 

The  prevailing  fossils  of  the  Wenlock  shale,  exclusive  of  trilobites 
and  corals,  which  are  chiefly  species  unknown  in  the  lower  deposits, 
are  brachiopods  of  the  genera  Leptsena,  Orthis,  Strophomena, 
Atrypa,  and  RhynchoneUa,  mostly  of  small  size.      In  a  general 

*  Mr.  Jakes  recently  indicated  to  the  Geological  Society  the  existence  of  this 
point  of  sandstone,  then  called  Caradoc.  See  also  his  published  Survey  of  this 
district.  Records  Geol.  Sorv.  vol.  i.  pt.  2.  p.  240.  f  See  Sil.  Syst.  p.  488. 

X  So  called  because  this  stratum  lies  beneath  all  the  mining  ground. 
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way  the  fossils  of  this  stratum^  the  chief  of  which  are-  given  in 
Plates  20  and  22^  are  the  same  as  those  of  the  overlying  limestone. 
Among  them^  however,  are  several  common  to  this  deposit  and  the 
Lower  Silurian  rocks,  such  as  Orthis  elegantula,  so  abundant  in  the 
slates  of  Snowdon;  Strophomena  pecten,  S.  (Leptsena)  depressa, 
Atrypa  marginalis,  A.  reticularis,  and  Spirifer  plicateUus.  Most 
of  these  Lower  Silurian  forms  have  indeed  a  much  greater  vertical 
range,  and  pass  upwards  through  the  Wenlock  high  into  the  Ludlow 
formation. 

The  Orthis  biloba  of  LinnsBus  (Spirifer  sinuatus,  Sil.  Syst.),  O.  hybrida, 
and  the  large,  flat  Orthis  rustica  are  characteristic  shells,  as  well  as  Lep- 
tSBjia  IsBvigata,  L.  transversalis,  Pentamerus  linguifer,  Athyris  tumida 
(Atrypa  tenuistriata,  Sil.  Syst.),  Bhynchonella  rotundata,  B.  depressa, 
B.  Stricklandi,  B.  deflexa,  and  B.  sphsrica ;  and  in  more  western  tracts, 
B.  navicula. 

Avicul®,  Nuculo,  and  some  other  bivalve  shells  occur  frequently; 
but  few  of  them  are  characteristic  except  the  Cardiola  interrupta.  Of 
spiral  shells,  Euomphalus  funatus  and  E.  alatus,  Pileopsis  (Nerita) 
haliotis,  Turbo  cirrhosus,  Bellerophon  "Wenlockensis,  with  B.  dilatatus, 
are  the  most  common.  The  pteropod  molluscs,  Theca  Porbesi  and  T. 
anceps,  are  not  scarce.  Certain  Orthoceratites,  such  as  O.  annulatum, 
O.  filosum,  and  O.  angulatum,  are  rare ;  but  many  of  the  thin-shelled 
species,  O.  subundulatum,  O.primievum,  and  others,  abound  in  these 
muddy  sediments.  They  are  almost  the  only  shells  in  this  formation 
as  it  is  exhibited  in  Denbighshire  and  other  parts  of  N.  Wales,  and 
occur  there  in  the  greatest  abundance.  Phragmooeras  of  one  or  two 
species,  and  certain  Lituites,  &.y.  L.  articulatus,  L.  Biddulphi,  and  occa- 
sionally L.  giganteus,  are  conspicuous  forms ;  but  the  two  last-mentioned 
genera  are  not  commonly  met  with. 

Of  trilobites,  Encrinurus  punctatus  and  £.  variolaris,  Calymene 
Blumenbachii  and  0.  tuberculosa,  Phacops  caudatus  and  its  variety  P. 
longicaudatus,  are  characteristic ;  but  one  of  these,  the  Calymene  Blu- 
menbachii, is  known  in  the  rocks  of  Snowdon.  The  genera  Trinucleus, 
Asaphus,  and  Ogygia  are  never  detected  even  in  the  lowest  portions 
of  the  shale ;  these  forms  being  essentially  characteristic  of  the  Lower 
Silurian  rocks.  Comulites  serpularius,  PI.  16.  f.  6,  and  other  annelides, 
are  sometimes  found,  as  well  as  stems  and  portions  of  encrinites,  though 
the  perfect  fossils  are  very  rare  in  the  typical  region.  "With  respect 
to  corals,  it  may  be  stated  generally,  that  they  are  the  same  as  those  of 
the  Wenlock  limestone,  but  fewer  in  number ;  the  cup  corals,  Cyatho- 
phyllum,  Omphyma,  &c.,  Pavosites  alveolaris,  and  Stenopora  fibrosa, 
being  the  most  conspicuous.     Graptolites  priodon  (Ludensis,  SiL  Syst.), 
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which  is  a  most  abundant  and  characteristic  fossil  of  the  Wenlock  shale, 
has  been  already  figured  as  occurring  in  the  Lower  Silurian  rocks,  Foss. 
11.  f.  3,  and  PL  12.  f.  1,  2. 

Wenlock  Limestone. — ^The  upper  member  of  the  formation  is  a 
limestone^  usually  of  lighter  grey  colours  than  the  lower  calcareous 
band  already  described  under  the  name  of  Woolhope  or  Lower 
Wenlock.  Although  it  is  in  every  respect  identical  with  the  well- 
known  limestone  of  Dudley^  I  named  the  rock  after  the  sharp  rec- 
tilinear ridge  of  Wenlock  (see  Map)^  because  its  relations  to  in- 
ferior and  superior  deposits  are  there  better  seen  than  in  any  other 
part  of  the  British  Ides,  as  exhibited  in  this  sketch. 

WcBlockEdfC 


Wbitlock  Edge,  as  seen  pbom  the  Hixxs  of  oveblyiwo  Ludlow  Bock 
ON  THE  S.W.     (From  SiL  Syet.) 

The  Valley  of  Apes  Dale,  1,  on  the  extreme  left,  is  in  the  Wenlock  shale.  The  linear 
ridge,  2,  is  the  limestone  of  Wenlock  Edge,  dipping  under  the  higher  ridge,  8,  of 
Ludlow  rocks,  which  also  occupy  the  foreground. 

The  Wenlock  limestone  consists  of  thick-bedded^  gi^>  subcry- 
stalline  limestone^  very  rarely  of  light  pink  colour,  and  in  parts 
ai^;illaceous.  In  other  parts  of  the  Wenlock  Edge,  the  rock  is 
more  crystalline,  and  where  varied  colours  prevaQ,  the  matrix  being 
charged  with  encrinites  and  corals,  it  forms  a  pretty  marble,  though 
the  slabs  are  of  no  great  dimensions.  The  mass  is  essentially  of  a 
concretionary  nature,  and  thus  differs  much  from  the  flat-bedded 
Lower  Wenlock  or  Woolhope  limestone ;  being  for  the  most  part 
marked  by  nodules  of  small  size.  Occasionally,  however,  the  con- 
cretions are  large,  and  are  then  locally  termed  '  hailstones.' 

This  limestone  is  underlaid  and  overlaid  by  shale  of  pale  grey 
and  greenish  tints,  copiously  charged  with  small  nodules  of  ai^- 
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laceous  limestone^  of  very  irregular  persistence.  The  'ballstones^ 
(some  of  which  near  Wenlock  have  a  diameter  of  80  feet),  being 
more  crystalline  than  the  nodules  or  '  bumbles/  have  been  quarried 
out  as  the  best  flux  for  the  smelting  of  iron,  and  their  extraction 
has  left  caverns  in  the  quarries,  as  shown  in  this  woodcut. 


Inline 


Old  Qujlbbibs  m  the  Wbklook  Limestovb. 

The  dark  cayities  indicate  the  places  from  whence  the  *  hailstones,'  or  hestxrrstalline 
limestone,  have  heen  extracted.  The  fossils  chiefly  occur  in  the  surrounding  byers  of 
impure  earthy  limestone  and  shala 

But  though  very  thick  near  Wenlock,  this  limestone  thins  out 
so  rapidly  in  its  range  to  the  south-west,  that  even  in  the  interior 
of  the  Ludlow  promontory,  as  displayed  in  this  diagram,  it  is  re- 

Sbctiok  acboss  thb  LiTDLOW  Pbomoktobt. 
(From  Sil.  Syst.  pL  81.  f.  6.) 


d\  Wenlock  shale.    (P.  Wenlock  limestone.    «'.  Lower  Ludlow.    «*.  Aymestry  Ume- 
stone.    «3.  Upper  Ludlow.    /.  Old  Red  Sandstone  (bottom  ^eds  of). 

presented  by  thin  courses  made  up  of  small  concretions  only ;  and 
on  the  banks  of  the  river  Lugg,  west  of  Aymestry*  it  is  merely 

*  In  both  ofthese  localities  the  Wen-  rally  pive  to  me  many  of  the  charac* 
lock  limestone  was  first  traced  by  my  teristic  corals  and  other  fossils  figured 
friend  the  Rev.  T.  T.  Lewis,  who  libe-     in  the  *  Silurian  System.* 
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represoited  by  a  few  concretioiis^  varying  in  size  from  2  inches  to 
2  feet,  but  still  full  of  beautiful  and  characteristic  corals.  Thinning 
out  entirely  in  Radnorshire,  it  is  scarcely  to  be  recognized  throughout 
the  counties  of  Brecon,  Carmarthen,  and  Pembroke ;  its  place  being 
only  marked  in  the  difib  of  Marloes  Bay,  west  of  Milford  Haven, 
by  some  fossils  and  a  small  quantity  of  impure  limestone  immersed 
in  grey  and  sandy  shale. 

In  the  districts  of  Malvern,  Woolhope,  May  Hill,  and  Usk, 
however,  the  Wenlock  limestone  is  copiously  and  instructively  de- 
veloped ;  and  in  nimiberless  natural  sections  and  quarries  exhibits 
characters  similar  to  those  which  it  possesses  in  Shropshire.  On 
the  west  flank  of  the  Malvems,  where  in  the  Bidgeway  of  East- 
nor  Park  it  assumes  the  same  linear  outline  as  at  the  Wenlock 
Edge,  the  limestone  is  estimated  by  Professor  Phillips  to  be  280 
feet  thick.  There,  in  the  flexures  extending  to  Ledbury,  it  is  ad- 
mirably exposed,  in  connexion  with  the  overlying  Ludlow  forma- 
tion (see  section,  p.  105).  At  Woolhope  it  forms  the  encircling 
ridge  between  two  parallel  valleys,  the  one  in  the  Wenlock  shale, 
and  the  other  in  the  Ludlow  shale  (see  section,  p.  121).  In  fact, 
its  ridge-like  character  is  a  necessary  consequence  of  the  superior 
hardness  of  the  rock,  in  relation  to  the  adjacent  soft,  argillaceous 
masses.  ^^..^ 


Rowley  HOU.  Hafk7  QUI*- 

DUDLST,  TROM  THX  WbSN'B  NbST. 

(From  a  Dnwing  by  Lady  Murchison,  Sil.  Syst.  p.  480.) 

To  the  north  of  the  town  of  Dudley,  this  limestone  rises  up  into 
domes  called  the  Castle  Hill  and  Wren's  Nest,  which,  with  other 
smaller  elevations,   have  been  protruded  from  beneath  the  sur- 
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rounding  coal  strata.  The  Castle  Hill  is  in  the  accompanying  wood- 
cut represented  to  the  left  hand  of  the  spectator,  who  is  standing 
on  the  slopes  of  the  Wren^s  Nest,  and  looking  southwards  over 
the  town  of  Dudley  to  the  hills  of  basalt  near  Rowley, 

As  the  signs  of  violent  igneous  action  are  apparent,  both  in  the 
subterranean  works  of  this  rich  mining  tract,  and  in  the  various 
outbursts  of  basaltic  or  trappean  rocks  which  have  been  extruded 
to  the  surface  (Bowley  and  Pouk  Hills,  &c.),  it  is  fair  to  infer  that 
these  domes  were  thrown  into  their  inflated  and  arched  form  by 
subterranean  expansion*.  The  Wren's  Nest  and  Castle  Hill  thus 
exhibit  on  each  of  their  opposite  sides  two  courses  of  a  limestone, 
which,  fix)m  its  superior  quality,  has  been  worked  out,  first  in 
open  quarries  and  afterwards  by  deep  galleries.  The  annexed  dia- 
gram, exhibiting  a  section  through  the  Wren's  Nest,  shows  how 

SEonoK  AOBoes  the  Wbev'b  Nest. 
(From  Sil.  Sysi.  p.  484.) 


€P    d^e  d^ 


d^.  Lowest  Wenlook  shale  (place  of  Woolhope  limestone?).  <2>.  Wenlook  shale.  <2>.  Two 
bands  of  limestone  separated  firom  each  other  by  '  bavin,'  e.  They  are  represented  by 
the  white  spaces,  from  which  the  best  limestone  has  been  quarried,  leaving  only  arches 
of  support,    e*.  Overlying  bavin  and  shale  passing  up  into  Ludlow  rocks. 

the  two  bands  of  the  best  limestone,  cP,  have  been  extracted,  leaving 
only  a  few  arches  for  support ;  whilst  the  other  beds,  consisting  of 
impure  and  nodular  earthy  limestone  with  much  shale,  locally  called 
'bavin,'  thus  form  the  framework  of  the  hill.  The  dotted  arch 
indicates  what  the  dome  might  have  been,  if  ever  entire,  whilst 
the  tinted  portion  of  the  drawing  represents  the  body  of  the  hill, 
the  upper  surface  of  which,  having  been  hollowed  out  towards  the 
centre,  has  obtained  for  it  the  name  of  Wren's  Nest.    It  is,  there- 

*  See  the  account  of  the  igneous  explained  by  Mr.  Blackwell  of  Dudley, 

rocks  of  this  district,  Sil.  Syat.  p.  496.  The  descriptions   of  these  and  other 

First  described  by  Mr.  Keir  and  others,  phenomena  connected  with  the  region 

and  subjected  to  experiments  by  Mr.  around  Dudley,  are  given  in  detail  by 

Gregory  Watt,  their  subterranean  rela-  Mr.   J.  Beete  Jukes,  Records  of  the 

tions  to  the  strata  have  since  been  ably  School  of  Mines,  vol.  i.  pt.  2.  p.  237. 
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fore,  an  elevated  dome^  which  may  have  been  produced  by  lateral 
pressure^  and  was  probably  troncated  at  its  summit  during  the 
same  period  of  disturbance  and  denudation  which  gave  to  the  mass 
its  peculiar  form. 

When  viewed  firom  below  on  its  southern  face,  and  where  neces- 
sarily the  excavated  depression  on  the  summit  cannot  be  seen,  the 
flank  of  the  dome  of  shale  and  'bavin/  whence  the  limestone  has  been 
entirely  removed,  presents  the  appearance  shown  in  the  diagram. 

The  South  Ekd  of  thb  Wbxk'b  Nest. 
(From  a  Sketch  by  the  Ber.  W.  Whewell,  D.D.    SU.  Sjet.  p.  485.) 


The  spectator,  looking  to  the  north,  sees  how  the  limestone  strata  fold  over  a  central 

dome  of  shale. 

In  the  exterior  of  the  nucleus,  which  also  consists  of  shale,  the 
calcareous  matter  disappears;  but  the  limestone  itself  is  quite 
similar  in  composition  and  colour,  and  in  its  large  hailstones,  as 
well  as  small  concretions,  to  the  rock  at  Wenlock. 

At  Woolhope  in  Herefordshire  (see  p.  121,  and  woodcut)  a  similar 
uprise  firom  the  centre  has  produced,  as  we  have  seen,  a  much 
grander  phenomenon.  In  the  Silurian  region  the  Wenlock  forma- 
tion has  seldom  a  greater  thickness  than  1000  feet ;  but  in  Wales, 
though  void  of  limestone,  it  occasionally  assumes  more  than  double 
those  dimensions. 

The  most  prominent  fossils  of  the  limestone,  among  which  corals 
abound,  have  been  long  known  to  collectors,  who  have  derived  their 
chief  supplies  from  Dudley  and  its  environs.  Those  persons  who 
are  searching  for  Wenlock  fossils,  may,  however,  be  told  that  their 
labour  will  probably  be  better  rewarded  by  a  visit  to  the  northern 
end  of  the  Wenlock  Edge,  near  Coalbrook  Dale,  than  to  Dudley; 

k2 
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for    the  corals^   encrinites^   and   shells^   along    this   rich  escarp- 
ment^ are  easily  detached  from  the  matrix^  and  the  quarries  have 

Fossils  (17).    CJobals  op  thb  Wknlock  Limestone. 


1.  FavoBifces  cristatuB,  Blum.  2.  F.  Gothlandicus,  Linn.  8.  A  variety  of  this  coral ; 
and  8*,  3**>  magnified  portdonB  of  two  varietiee.  4.  FavoBites  alyeoUuriB,  Gbldf.  (asper, 
d'Orb.).  5.  Alveolites  Labechii,  Milne-Edw.  6.  Favosites  oculatus,  Goldfl  ?  7.  Ste- 
nopora  fibrosa,  Qoldf.  8.  S.  fibrosa,  variety  incrusting  shellB  (Alveolites  fibrosus,  SiL 
Syst.). 

Fossils  (18).    Ooeaxs  of  the  Wenlock  Lihbstokb. 

Milleporo  Corals  of  the  genus  Heliolites  (Porites,  SiL  Syst.),  most  nearlv  related  to 

the  *  blue  coral,'  Hdiopora  coerulea,  Blainv.,  of  the  Australian  ooral  reefs. 


1.  Heliolites  tubulatus,  Lonsd.  2.  H.  petalliformia,  Lonsd.   8.  H.  interstinotus,  WahL ; 
a  variety  with  large  tubes.    4,  5.  H.  interstinctus,  Wahl. ;  ordinary  variety. 

not  yet  been  exhausted.  Benthall  Edge^  for  example^  which 
overhangs  the  Severn  in  so  picturesque  a  form^  and  Gliddon  Hill^ 
are  excellent  localities^.     This  rock  is  indeed  distinguishable  from 

*  Some  of  the  finest  corals  originally  published  in  the  '  Silurian  System '  were 
collected  by  the  Rev.  T.  T.  Lewis,  in  the  gorge  of  the  river  Lugg^  above  Aymestry. 
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all  the  inferior  strata  by  the  very  great  abundance  of  its  corals^ 
the  profusion  of  which  make  it  resemble  in  many  places  a  coral 
reef.  These  corals  were  admirably  described  for  me  in  the  original 
'  Silurian  System '  by  my  valued  friend  Mr.  Lonsdale^  who  made 
the  first  effort  to  classify  them^  and  to  compare  them  with  the 
determinations  of  continental  naturaL^ts. 

In  addition  to  the  universal  chains-coral^  Halysites  catenulatus^ 
F068. 19.  f.  6,  and  the  Stenopora  fibrosa,  Foss.  17.  f  7,  which  are 
often  met  with  in  the  Lower  Silurian  rocks  (see  Chap.  9),  the  fol- 

¥oBsn£  (19).    CosALB  OT  THS  Wevlock  LiMBSTOirs. 


lowing  species  of  corals  are  everywhere  typical  of  the  Wenlock 

limestone : — 

HelioUtee  intentmotui  (Poritee  pyriformis  of  my  old  work),«Fo88. 18.  f.  8, 4, 5,  both 
the  laige-  and  small-oelled  varieties ;  H.  tubulatoa,  f.  1 ;  H.  petaUiformia,  f.  2 ;  Favositea 
alTeobna,  or  aaper,  Foaa.  17.  f.  4 ;  F.  criatatoa,  f.  1 ;  F.  ooulatua,  f.  6 ;  Couiitea 
jimiperiima,  Foaa.  19.  £  8 ;  Sjringopora  bifurcata,  £  4, 5,  and  ita  young  or  creeping  form 
(Aolopora  aerpena,  SiL  SrBt.),  f.  2 ;  Omphvma  tnrbinata  and  O.  Bubturbinata,  Chap. 
10 ;  AiTeolitea  Labeohii,  Edw.  $  CyathophyUum  tnmcatum,  linn.,  and  C.  articulatmn, 
WahL ;  Acervularia  ananaa,  linn. ;  witn  many  othera*. 

Of  the  crinoids^  the  more  perfect  only  of  the  forms  published  in 
my  old  work  are  reproduced  in  the  plates  of  this  volume.  Perhaps 
the  hrg^  species^  Periechocrinus  (Actinocrinus)  moniliformis^  PI.  18. 
f.  1^  2,  is  the  most  characteristic ;  it  covers  large  surfaces  of  the 
limestone  at  Dudley^  and  is  foimd  in  disjointed  fragments  in  many 
other  localities. 

Among  the  moUusks  of  this  formation^  which  are  figured  in  Plates 
20  to  33,  Orthoceratites  are  very  abimdant,  Orthoceras  annulatum 

*  Li  the  above  three  woodcuta  acme 
of  the  moat  frequent  conda  of  the  lime- 
atone  are  figured.  Here,  aa  in  the  aub- 
sequent  chapters  on  organic  remaina, 
the  nomenclature  differs  in  a  rare  in« 
stance  only,  from  that  of  the  authora 
Mihie-Edwards  and  Haime  (Polypiers 


Fossiles).  Thus,  the  genus  Heliolites 
is  not  divided  into  three  ^nera,  whilst 
a  few  of  the  species  are  still  regarded  as 
beine  identical  with  Devonian  forms. 
See  M'Coy's  Description  of  the  British 
Paleozoic  Fossils  in  the  Geological  Mu- 
seum of  the  University  of  Cambridge. 
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and  O.  Brightii  being  frequent  species.  Bellerophon  dilatatus^ 
B.  Wenlockensis,  and  the  singularly  beautiful  Conularia  Sowerbyi, 
PI.  25^  are  cbaracteristic.  Among  the  most  frequent  spiral  shells 
are  five  species  of  Euomphalus^  viz.  E.  carinatus,  E.  sculptus,  E. 
discors,  E.  fruiatus^  and  E.  rugosus  (Pis.  24^  25). 

Ordinary  bivalve  shells  are  less  common ;  but  Orthonota  cingulata, 
Avicula  reticulata,  Pterinea  retroflexa  and  P.  planulata,  the  last  figured 
in  Chap.  10,  are  abundant  species.  Of  Brachiopods,  Strophomena 
euglypha,  S.  filosa,  and  especially  S.  depressa,  Pentamerus  galeatus, 
Spirifer  pHcatellus  (S.  radiatus  and  S.  interlineatus,  Sil.  Syst.),  S.  tra- 
pezoidalis,  S.  crispus,  and  S.  elevatus,  Orthis  rustica,  O.  elegantula,  and 
O.  hybrida,  Leptsena  transversalis  and  L.  IsDvigata*,  are  all  described  in 
the  *  Silurian  System.'  With  them  are  Atrypa  reticularis  and  A.  mar- 
ginalis,  besides  several  plaited  Terebratul®,  of  which  Betzia  (Terebr.) 
cuneata,  PL  22,  and  E.  Salteri,  Davidson,  are  often  plentiful,  but  the 
BhynchoneUa  borealis  (Terebratula  lacunosa  of  my  old  work)  is  by  far 
the  most  common  species.  BhynchoneUa  Wilsoni  and  a  small  variety 
of  B.  nucula  are  also  sometimes  abundant  (see  PL  22,  and  woodcuts 
in  Chap.  10). 

Trilobites  are  very  common ;  the  most  fr^uent  of  them  is  the 
Calymene  Blumenbachii^  formerly  called  the  Dudley  Locust  (PL  18), 
a  species  which,  as  we  have  seen,  also  occurs  deep  in  the  Lower 
Silurian  rocks,  and,  as  we  shall  presently  find,  ascends  also  into  the 
Upper  Ludlow. 

Other  forms  of  these  creatures  are  also  prevalent ;  a  few  may  be  noticed. 
Encrinurus  pimctatus  and  E.  variolaris,  figured  in  Chap.  10,  are  very 
common  in  both  the  limestone  and  the  shale.  Phacops  DowningisD  is 
one  of  the  most  characteristic  trilobites,  particularly  in  the  environs 
of  Dudley.  The  Phacops  Stokesii  (Calymene  macrophthaima  of  my 
former  work),  P.  caudatus,  Acidaspis  Brightii,  and  Cheirurus  bimucro- 
natus  (see  Pis.  18  &  19),  are  frequent  fossils,  and,  as  before  stated,  belong 
also  to  inferior  formations.  The  Phacops  caudatus  is  especially  abun- 
dant in  the  Malvern  Hills ;  whilst  the  Calymene  Blumenbachii  is  the 
reigning  fossil  at  Dudley.  Bumastus  Barriensis  and  Homalonotus  del- 
phinocephalus,  which  have  been  cited  from  the  Lower  Wenlock  or  Wool- 
hope  limestone,  are  also  found  in  this  rock,  the  former  very  firequently. 
The  annelides  Comulites  serpularius  and  Tentaculites  omatus  occur  on 
almost  every  specimen  of  the  limestone  at  Dudley. 

A  frirther  acquaintance  with  the  fossils  of  the  Wenlock  forma- 
*  See  Plates  20  to  22. 
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tion  must  be  obtained  by  consulting  the  10th  chapter,  as  also  the 
descriptiTe  monographs  mentioned  in  the  Pre&ce.  The  object  of 
the  present  work  is  not  to  direct  attention  to  rare  forms,  but  to 
those  which  are  characteristic  of  the  rocks. 

In  the  above-mentioned  districts,  the  Wenlock  limestone  passes 
upwards  gradually  into  a  thick  mass  of  pale-coloured  shale,  undi- 
stinguishable  from  that  beneath  the  solid  rock.  From  the  physical 
relations  of  this  shale,  and  from  its  forming  usually  a  part  of  the 
same  hiUs  as  the  mass  of  the  Ludlow  rock,  it  is  classed  with  that 
formation ;  though  the  reader  must  understand,  that  in  reality  it 
is  only  an  intermediate  band  intimately  uniting  the  Wenlock  and 
Ludlow  in  the  Upper  Silurian  group,  and  is  almost  equally  con- 
nected with  both  by  structure  and  fossil  contents. 
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CHAPTER  VII. 

XTPPEB  SILXTBIAN  BOOKS— (coii^jmmnQ. 

THS  LXTDLOW  VOSMATION,  GENSBAL  OHABAOTEB  OF. — ITS  BTJBDIYIBION  Df  THB 
TYPICAL  DISTBICTS,  INTO  LOWER  LUDLOW  BOCKS,  AYMESTBT  LDCESTOVB,  AKD 
UFFEB  LUDLOW  BOCKS. 

In  a  general  sense^  the  Ludlow  rocks  of  the  Silurian  region  of 
England  and  Wales  must  be  simply  viewed  as  a  continuation  of  the 
argillaceous  masses  which  prevail  in  the  underlying  Wenlock  forma- 
tion. Such  is  more  particularly  the  case  in  the  lower  beds  of  this 
deposit.  The  central  portion^  however^  in  several  tracts  consists  of 
an  argillaceous  dark-grey  limestone.  The  upper  member  being 
more  sandy  and  somewhat  calcareous^  yet  retaining  in  parts  much 
of  the  *  mudstone  ^  matrix^  is  in  great  measure  an  imperfect^  thin- 


LuDLOW  Oastle. 
(From  a  Sketch  by  Lady  Harriet  Olive,  now  BaronesB  Windsor.    Sil.  Sjst.  p.  195.) 

In  this  Bketch  the  river  Teme  is  seen  to  flow  in  a  chasm  of  the  Upper  Ludlow  Bocks, 
the  strata  on  which  the  spectator  is  supposed  to  be  standing  being  the  same  as  those 
on  which  the  Castle  is  built.  The  basalt  of  the  Titterstone  Glee  Hill  is  in  the  di- 
stance, surrounded  by  Old  Bed  Sandstone,  and  covered  by  carboniferous  deposits. 

bedded^  grey-coloured,  earthy  building-stone.  Occasionally  the 
highest  stratum  is  composed  of  light-coloured  sandy  freestones  and 
tilestones,  through  which  the  formation  graduates  lithologically  and 
conformably  into  the  lowest  beds  of  the  Old  Red  or  Devonian  rocks. 
Such  is  the  general  order  near  the  town  of  Ludlow,  which  stands 
upon  the  higher  strata  of  the  formation,  as  shown  in  this  woodcut. 
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Its  central  and  inferior  masses  are  best  seen  either  in  the  escarp- 
ments of  the  adjacent  hills  on  the  S.W.,  or  in  that  ridge  which  for 
a  distance  of  twenty  miles  on  the  N.E.  is  interposed  between  the 
Wenlock  Edge  and  the  Old  Red  Sandstone  of  Corve  Dale  and  the 
Clee  Hills.  The  section  already  given  at  p.  128,  and  here  repeated, 
will  convey  an  adequate  idea  of  the  succession.  (See  also  Map,  and 
section  beneath  it.) 

SBCnOK  ACB0B8  THI  LXTDLOW  PBOXOKTOBT. 

(EVom  Sa.  Syst.  pL  81.  f.  5.) 


dK  Wenlook  shale.    ^,  Wenlock  limeBtone.    e^.  Lower  Ludlow.    0*.  Aymestry  lime- 
stone.   0>.  Upper  Ludlow.   /.  Old  Bed  Sandstone  (bottom  beds  of)* 

In  following  the  formation  from  the  Ludlow  tract  on  its  strike  or 
direction  to  the  S.W.,  its  included  limestone,  like  that  of  the  sub- 
jacent deposit,  is  also  soon  seen  to  thin  out  and  disappear.  Scarcely 
has  the  geologist  quitted  the  north-western  comer  of  Herefordshire, 
than  he  finds  the  central  band  attenuated  to  a  mere  course  of  cal- 
careous grit,  which  is  entirely  lost  in  Radnorshire.  There  the 
Upper  Silurian  rocks  of  the  moimtain  of  Radnor  Forest,  which  are 
laid  open  in  the  ravine  of '  Water  break  its  Neck  ^  and  other  gullies, 
expose  a  gradual  succession  from  the  Wenlock  through  the  whole 
of  the  Ludlow  formation  up  to  the  junction  beds  of  the  Old  Red 
Sandstone,  and  with  scarcely  a  trace  of  limestone.  As  such  also 
the  formation  ranges  for  the  most  part  through  Brecon  and  Car- 
marthen, the  central  part  being  nowhere  a  workable  limestone,  and 
only  here  and  there  calcareous,  except  through  the  occasional  pre- 
senee  of  a  few  testaceous  remains.  In  Marloes  Bay,  Pembrokeshire, 
where  the  Silurian  rocks  are  exposed  in  the  sea-cliffs  (see  view  at 
the  end  of  this  chapt^),  it  is  difficult  to  say  more  than  that  sandy 
calcareous  shale  and  very  impure  limestone  containing  Wenlock 
fossils  are  surmounted  by  ferruginous  and  hard  sandstone,  rarely 
calcareous,  and  in  parts  a  conglomerate. 

In  the  Clyro  and  B^wm  Hills,  however,  or  along  the  eastern 
frontier  of  the  Silurian  rocks,  extending  fix)m  Kington  towards  the 
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S.W.^  the  Ludlow  rocks  retain  mucli  of  their  typical  characters^  and 
particularly  on  the  banks  of  the  Wye,  between  Builth  and  Hay, 
where  I  first  observed  their  relation  to  the  Old  Red  Sandstone. 
(See  Map,  and  Sil.  Syst.  p.  812.) 

Let  us  now  consider  the  nature  of  the  different  members  of  the 
Ludlow  formation,  where  they  are  most  conspicuously  characterized 
by  the  greatest  quantity  of  fossil  remains. 

Lower  Ludlow  Rocks. — ^These  strata,  which  are,  I  repeat,  simply 
an  upward  prolongation  of  the  Wenlock  formation,  are  composed 
of  dark  grey  shale,  rarely  micaceous,  with  small  concretions  of  im- 
pure limestone.  My  chief  reason  for  grouping  them  with  the  Lud- 
low rather  than  with  the  Wenlock  deposit  was,  that  throughout 
the  typical  districts  of  Shropshire  and  Herefordshire,  these  shales 
occupy  the  base  of  the  ridges,  the  harder  summits  and  outward 
slopes  of  which  are  composed  of  Aymestry  limestone  and  Upper 
Ludlow  rocks. 

The  clearest  and  finest  examples  of  such  physical  features  are 
seen  in  ascending  from  the  denuded  valley  of  Wigmore,  in  which 
the  Wenlock  shale,  d},  and  limestone,  d*,  are  exposed  as  in  the 
woodcut,  p.  137,  and  thence  by  a  depression  in  the  Lower  Ludlow, 
e^,  which  ranges  into  the  Mary  Knoll  Dingle  and  Comus  Wood^, 
until  you  reach  the  stronger  stony  masses  of  the  Aymestry  lime- 
stone, c*,  and  Upper  Ludlow  rock,  c*. 

The  inferior  strata,  e^,  for  the  most  part  argillaceous,  are  often 
arranged  in  lai^  spheroidal  masses,  showing  a  tendency  to  concre- 
tionary structure,  which  rapidly  exfoliate  under  the  atmosphere  and 
break  into  shivery  firagments.  Calcareous  nodules,  differing  only 
from  those  of  the  Wenlock  deposit  in  being  usually  of  a  blacker 
colour,  have  often  been  formed  round  an  Orthoceras,  Trilobite,  or 
other  fossil,  as  a  nucleus. 

One  of  the  most  prevalent  of  these  organic  bodies  is  our  old  Mend 
Calymene  Blumenbachii,  whose  acquaintance  the  collector  may  have 
first  made  in  the  much  lower  rocks  of  Caer  Caradoc  and  Snowdon. 
(See  also  Chap.  9.)  It  is  accompanied  very  frequently  by  the  long- 
tailed  Asaphus,  or,  as  it  is  now  called,  Phaoops  longicaudatus.    These 

*  Milton  paued  some  time  in  Ludlow  in  it.  Comus  Wood  is  in  one  of  the 
Castle,  then  a  border  Welsh  fortress,  deep  depressions  which  vary  the  surface 
and  his '  Ikiask  of  Comus '  was  performed     of  the  Ludlow  promontory. 
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two  may  be  considered  the  characteristic  trilobites  of  the  formation^ 
though  there  are  several  other  species ;  and  with  them^  the  Grap- 
tolites  priodon^  or  Ludensis^,  also  a  Lower  Silurian  fossil,  occurs 
abundantly.  Nor  are  the  Cardiola  interrupts,  PL  23.  f.  12,  and 
Murchisonia  Uoydii,  PL  24.  f.  5,  less  characteristic. 

In  ascending,  the  strata  become  somewhat  more  sandy,  consti- 
tuting thick,  earthy,  and  very  slightly  calcareous  flagstones,  the 
flaglike  separation  being  due  to  lamina  of  sand.  These  beds,  the 
'pendle'  of  the  workmen,  were  formerly  pointed  out  as  being 
distinguished  by  containing  huge  orthoceratites.  Recently  they 
have  attracted  much  attention  at  a  spot  near  Leintwardine,  and 
have  yielded,  to  the  persevering  search  of  the  geologists  of  Lud- 
low and  its  environs,  remains  of  many  Crustacea  and  abundance 
of  peculiar  starfishest.  Figures  of  some  of  the  latter  are  given  at 
p.  141. 

These  flaglike  strata  form  the  support  of  the  Aymestry  or  Ludlow 
limestone,  from  which  they  are  usually  separated  by  soft  soapy  beds, 
in  parts  an  imperfect  fuller's  earth.  It  is  the  decomposition  of 
this  unctuous  fuller's  earth  (provindally  'Walker's  earth ^)  beneath 
heavy  masses  of  the  limestone,  which  rest  upon  it,  which  has  oc- 
casioned numerous  landslips  both  near  Ludlow  and  in  other  parts 
of  Herefordshire,  one  of  the  most  striking  of  which  wiU  presently 
be  mentioned. 

The  lower  shale  occupies  the  escarpments  and  contiguous  valleys  of 
the  Ludlow  rocks  which  range  from  Shropshire  by  Presteign  to  Radnor 
Forest,  and  also  large  undulating  tracts  of  the  western  parts  of  Shrop- 
shire or  contiguous  parts  of  Montgomeryshire,  such  as  the  Long  Moun- 
tain, and  other  tracts  around  Welshpool  and  Montgomery  (see  Map). 
From  the  steeps  and  valleys  west  of  Kington,  it  extends,  together  with 
the  upper  members  of  the  Ludlow  rocks,  to  the  banks  of  the  Wye,  and 
is  finely  exposed  in  the  noble  escarpment  at  the  western  end  of  the 
Forest  of  Mynydd  Epynt  in  Brecknockshire.  A  good  idea  of  the  fea- 
tures of  that  tract  is  conveyed  by  a  sketch  already  given,  p.  61,  where 
the  rounded  and  soft  outline  of  the  hills  in  the  middle  ground,  as  seen 
from  the  slaty  hills  on  the  west,  is  due  to  the  soft  nature  of  this  deposit. 

*  Ludensifl  is  the  Latin  word,  ligni-  Manton  of  Ladlow,  haye  the  merit  of 

fying  "  of  Ladlow."  these  last  discoveries.    Fonnerly,  Mr. 

t  Colonel  Ck>lvin  of  Leintwardine,  Proctor  contributed  much    from    the 

and  Messrs.  Lightbody,  Cocking,  and  neighbourhood  of  Leintwardine. 
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The  same  rock  is  also  well  developed  in  the  MaLyem  tract,  where  Pro- 
fessor Phillips  assigns  to  it  a  thickness  of  about  750  feet.  (See  also 
section,  p.  105.) 

In  the  Woolhope  elevation  and  the  group  of  Usk,  or  as  lying  between 
the  Dudley  and  Sedgeley  (Wenlock  and  Aymestry)  limestones  in  Staf- 
fordshire, it  is  everywhere  the  same  dull,  non-micaceous  shale,  and  from 
its  incoherence  has,  for  the  most  part,  been  denuded ;  thus  giving  rise 
to  a  deep  valley,  which  separates  the  harder  parts  of  the  Wenlock  and 
Ludlow  rocks  from  each  other. 

In  the  environs  of  Ludlow^  and  in  many  parts  of  the  Silurian 
region^  this  inferior  member  of  the  Ludlow  rocks,  whilst  contain- 
ing several  forms  of  trilobites  found  also  in  the  strata  above  and 
below  it,  is  specially  characterized  by  a  profusion  of  straight  or 
curved  chambered  shells.  Such  are  the  Orthoceratites,  Lituites, 
and  Phragmoceras,  a  genus  named  by  my  old  friend  W.  Broderip, 
the  eminent  naturalist,  and  which  was  imknown  before  the  public 
cation  of  the  '  Siliirian  System.'  Orthoceratites  abound;  not  less 
than  eleven  species  having  been  figured  as  characteristic  of  this 
rock.  But  extended  researches  have  shown  that,  in  this  case  as 
in  many  instances  of  other  fossils  alluded  to,  several  of  these 
chambered  shells  occur  in  much  older  as  well  as  younger  members 
of  the  system. 

In  the  rich  locality  already  spoken  of,  viz.  Church  Hill,  Leint- 
wardine,  the  usual  fossils  of  this  rock  have  been  found  associated 
with  starfishes  and  that  singular  crustacean  the  Pterygotus,  to- 
gether with  some  other  forms  not  yet  described. 

The  Pterygotus  belongs  to  a  distinct  species  from  that  found  in  other 
localities,  and  is  about  to  be  described  by  Mr.  Salter  under  the  name  of 
P.  punctatus.  It  was  apparently  of  great  size,  perhaps  seven  or  eight 
feet  in  length,  but  its  fragments  need  not  be  figured  here,  as  a  restored 
figure  of  the  principal  species  will  be  given  at  the  end  of  the  chapter. 

The  starfishes,  some  of  which  are  here  delineated,  Possils  (20),  are 
considered  to  belong  to  genera,  perhaps  to  families,  distinct  fr^m  any 
living  forms.  •  One  of  them,  Palasocoma  (figs.  3,  4),  resembles,  indeed, 
certain  living  rare  forms  of  starfish  (Pteraster)  in  the  great  length  of  the 
spines,  which  are,  however,  longer  in  the  fossil  than  in  the  living  genus. 
Palasterina,  M'Coy,  is  more  like  the  Palmipes  roseus.  Others  (Prot- 
aster,  figs.  1,  2)  have  the  general  form  of  the  OphiursB  or  brittle-stars, 
to  which  they  are  allied,  but  differ  in  the  number  and  arrangement  of 
the  component  plates  of  the  skeleton.    No  less  than  ten  species  of  star- 
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fishes  haye  been  already  found  here,  and  new  forms  of  great  beauty  are 
occasionally  discovered. 

Fossils  (20).    Stabfishes  of  thb  Lowxb  Ludlow  Bock. 


1,  2.  Protaster 
Miltoni,  Salter;     ' 
aformofOphi- 
mide  with  nu- 
meroiui  plates. 

2  a.  Magnified 
portion   of   a 
Protaater. 


8.  PalnooomaMar- 
Btoni,  Salter. 

4.P.Colvini,id.— 
Theae  are  star- 
fiahes  allied  to 
Pftlmipes  and 
Pteraster. 


Among  the  Orthoceratites,  the  largest,  and  perhaps  the  most  common, 
are  the  Orthoceras  Ludense,  PI.  28.  f.  1,  and  O.  filosum,  PL  27.  f.  1 ; 
these  are  generally  accompanied  by  a  smaller,  thin-shelled  species,  which 
appears  to  be  the  O.  subundulatum  of  Portlock.  The  others,  though 
often  found,  are  by  no  means  so  abundant  or  characteristic.  Of  Lituites, 
the  only  common  species  is  a  very  large,  one,  eight  or  ten  inches  in  dia- 
meter— ^the  L.  giganteus  of  PI.  33.  f.  1,  2.  The  Phragmoceras,  above 
noticed,  is  a  remarkable  shell  with  the  mouth  or  opening  contracted 
into  the  shape  of  a  key-hole.  Some  of  its  forms  are  fiattish,  broad,  and 
shaped  like  a  hatchet-head  (PI.  32) ;  whilst  others,  known  as  the  pear 
Orthoceratites  (PI.  80),  are  suddenly  swollen  into  a  balloon-like  shape 
above,  and  end  in  a  tapering  point  below. 

Of  lameUibranchiate  shells,  Cardiola  interrupta,  Broderip,  is  the  most 
common  (PI.  23.  f.  12)  ;  yet  the  same  species,  formerly  beHeved  to  be 
peculiar  to  this  zone,  has  also  been  found  in  the  Caradoc  formation ! 
Another  biyalve  equally  characteristic,  and  as  yet  known  only  in  Upper 
Silurian  rocks,  is  the  Cardiola  striata  (PI.  23.  f.  13),  and,  in  company 
with  the  chambered  shells  above  noticed,  it  is  to  be  found  in  all  the 
fossil-bearing  localities  of  Shropshire  and  the  neighbouring  regions. 
Orthonota  rigida,  PI.  23.  f.  8,  and  Pterinea  retroflexa,  f.  17,  are  not  so 
common,  and  the  latter  is  far  more  frequent  in  the  Upper  Ludlow  rock. 

Many  species  of  fossils  have  indeed  been  obtained  both  in  this  stratum 
and  the  Wenlock  formation ;  especially  brachiopodous  shells.  Among 
these  maybe  cited  the  Pentamerus  (Atrypa)  galeatus,  Strophomena 
depressa  and  S.  euglypha,  Lepteena  kevigata,  Atrypa  reticularis,  and 
Ehynchonella  (Terebratula)  Wilsoni.  Scarcely  any  brachiopod  is  strictly 
peculiar  to  it,  unless  it  be  the  small  but  characteristic  Lingula  lata, 
H.  20.  f.  6.    In  this  view,  the  Lower  Ludlow  shale  might  be  classed  with 


Digitized  by  VjOOQIC 


142  SILUBIA.  [Chap.  YII. 

the  Wenlock  formation ;  but  the  other  forms  of  mollusks,  above  noticed, 
give  to  it  a  distinct  character,  and  entitle  it  to  rank  locally  as  a  separate 
subformation. 

Aymestry  or  Ludlow  Limestone. — The  want  of  persistence  over 
wide  areas  of  any  mass  of  solid  limestone  in  the  centre  of  the  Lud- 
low formation  has  been  adverted  to.  In  some  parts  of  South  Wales 
where  the  calcareous  matter  is  absent^  it  is  difficult  to  trace  even 
the  place  of  this  band  in  the  Ludlow  rocks ;  but  in  Herefordshire 
and  Shropshire,  and  again  at  Sedgeley  in  Staffordshire  (near 
Dudley),  it  is  a  dark-grey  limestone,  worked  pretty  extensively  for 
use.  Even  where  the  lime  is  very  sparingly  distributed,  the  rock 
is  a  highly  calcareous  flagstone,  and  may  generally  be  recognized 
by  its  well-defined  joints  and  predominant  fossils. 

This  central  member  of  the  Ludlow  formation  was  named  by  me 
after  the  beautiful  village  of  Aymestry,  where  the  rock  is  well  laid 
open,  and  its  relative  position  as  well  as  fossil  contents  were  ela- 
borately worked  out  by  my  friend  the  Rev.  T.  T.  Lewis*.  The 
clear  distinction  of  this  rock  from  the  Wenlock  limestone  was, 
indeed,  first  made  by  him ;  so  that,  whether  I  look  to  the  informa- 


Whitewat  Head.    (Escarpment  of  Ajmeetry  limestone.  Strato  dipping  to  the  S  J.) 
(From  Sil.  Syst.  p.  248.    Sketehed  by  the  lute  Ber.  W.  B.  Evans.) 

tion  I  derived  from  his  fieldwork  or  to  the  organic  remains  with 
which  he  liberally  supplied  me,  I  have  every  reason  to  style  Mr. 

♦  See  Sil.  Syst.  p.  201. 
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Lewis  (as  I  did  in  the  Pre&ce  to  the  first  edition)  '^  my  most  efQ- 
cieat  coadjutor  in  all  the  r^on  of  Siluria/' 

The  Aymestry  limestone  is  a  subcrystalline  earthy  rock^  arranged 
in  beds  from  one  to  five  feet  thick ;  the  laminae  of  deposit  being 
marked  by  layers  of  shells  and  corals.  In  the  escarpment  of  the 
south-western  limb  of  the  Ludlow  promontory,  this  rock  frequently 
fonns  blufT  cli&,  the  inclined  strata  of  which,  as  seen  in  the  centre 
of  the  preceding  woodcut,  rest  upon  the  Lower  Ludlow  shale,  and 
plunge  under  the  Upper  Ludlow  rock. 

When  cut  into,  the  rock  is  of  an  indigo  or  bluish-grey  colour,  in  parts 
mottled  by  the  mixture  of  white  calcareous  spar.  The  quarries,  like 
those  in  all  the  harder  bands  of  the  Ludlow  formation,  present,  as  in  the 
above  diagram,  natural  backs  or  divisions,  usually  coated  by  a  dirty  yellow 
or  greenish  shale.  These  are  the  faces  of  joints  more  or  less  vertical,  and 
when  open,  occasion  the  rock  to  separate  into  rhomboidal  masses,  which 
are  easily  detached  if  the  strata  are  much  inclined.  The  rock  is,  there- 
fore, subject  to  slides  or  subsidences,  particularly  where  the  imderlying 
saponaceous  '  Walker's,  or  Mler's  earth '  prevails.  Examples  of  these 
slides  may  be  seen  at  many  spots,  but  at  no  locality  more  instructively 


The  Palmxb'b  Caibn  Landslip. 

(From  Sil.  Sjst.  p.  248.    Brawn  by  the  late  Bev.  W.  B.  Evans.) 

The  woodcut  exhibits  the  slope  of  the  beds  and  the  vertical  joints,  which  in  conjunc- 
tion with  the  lines  of  bedding  divide  the  rock  into  losenge-shaped  blocks. 

tlian  at  the  Palmer's  Cairn  or  Chum  Bank,  S.W.  of  Ludlow,  repre- 
sented in  the  foregoing  woodcut, 
acres. 


The  area  there  affected  exceeds  fifty 
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This  limestone  often  occupies  the  summit  or  capping  of  the  escarp- 
ment of  Ludlow  rocks,  as  in  the  ridges  of  Mary  Enoll  and  Brindgwood 
Chase  west  of  Ludlow ;  and  in  the  hills  extending  from  the  View  Edge 
and  I^orton  Camp,  where  it  forms  a  conspicuous  band  parallel  to,  and 
loftier  than  the  Wenlock  Edge  (see  woodcut,  p,  137). 

At  Ajmestrj,  the  limestone  occupies  both  banks  in  the  gorge  of  the 
river  Lugg ;  but,  as  above  said,  it  rapidly  thins  out  to  the  south-west. 
On  the  whole  it  has  much  less  of  a  concretionary  structure  than  the 
subjacent  Wenlock  limestone,  and  partakes  more  of  the  flat-bedded  cha- 
racter which  is  observable  in  the  '  pendle '  beneath,  and  distinguishes, 
indeed,  all  parts  of  the  Ludlow  formation. 

In  the  old  quarries  at  Aymestry  it  is  conspicuously  marked  by  the 
lines  of  cavities  whence  its  numerous  corals  have  been  weathered  out. 

Li  the  Woolhope  valley  of  elevation,  the  Aymestry  rock  (see  section, 
p.  121)  assumes  precisely  the  same  external  or  physical  features  as  on 
the  flanks  of  the  Ludlow  promontory ;  having  from  its  hardness  resisted 
denudation  better  than  other  portions  of  the  deposit.  It  thus  forms  the 
crest  of  the  external  and  encircling  ridge,  and  is  prominent  in  the  lulls 
of  Harden,  Seager,  and  Backbury.  Although  it  diflers  in  being  a  less 
pure  limestone  than  that  near  Ludlow,  it  contains  many  of  the  same 
fossils  -,  even  the  Pentamerus  Knightii,  its  characteristic  shell  (Fl.  21. 
f.  10),  having  been  found  in  the  Woolhope  district  since  the  ^  Silurian 
System '  was  published. 

On  the  outermost  western  slopes  of  the  Malvern  Hills,  and  on  the 
sides  and  summits  of  their  northern  prolongation,  the  Abberley  Hills, 
the  Aymestry  rock,  though  containing  less  calcareous  matter  than  in 
Shropshire,  is  still  the  well-defined  central  portion  of  the  Ludlow  forma- 
tion. In  some  of  these  tracts  (as  near  the  Hundred  Hoiise)  it  might 
be  used  for  lime,  if  the  Wenlock  limestone  of  such  superior  quality 
were  not  in  close  proximity.  In  the  districts  of  May  Hill,  Usk,  &c., 
this  limestone  is  simply  represented  by  the  harder  and  slightly  cal- 
careous central  part  of  the  Ludlow  rocks. 

At  Sedgeley,  in  Staffordshire,  the  rock  becomes  onoe  more  a  use- 
ful limestone,  in  which  the  predominant  Aymestry  fossil,  Pentamerus 
Knightii,  abounds.  There  it  is  known  as  the  '  black  limestone,'  in  con- 
tradistinction to  that  of  Dudley,  on  which,  with  some  intermediate  shale 
or  *  bavin,'  it  reposes*. 

The  fossils  which  pervade  the  Aymestry  limestone,  in  addition  to  the 
Pentamerus  Knightii,  are  the  Bhynchonella  (Terebratula)  Wilsoni,  Lin- 
gula  Lewisii,  Strophomena  euglypha,  and  large  specimens  of  Atrypa 
reticularis,  Bellerophon  dilatatus,   Pterinea  (Avicula)  Sowerbyi,  &c., 

*  See  '  Silurian  System/  sections,  p.  481  et  teg.  The  Rev.  T.  T.  Lewis  first 
called  my  attention  to  the  fact  of  the  Sedgeley  limestone  being  the  equivalent  of 
the  Aymestry  rock. 
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and  inaaj  of  the  same  shellB,  corals  and  trilobites,  which  are  common  in 
the  subjacent  Wenlock  limestone.  Indeed,  except  in  the  less  number 
of  species,  and  the  occurrence  of  some  of  the  shells  more  characteristic 
of  the  next  member  (the  Upper  Ludlow  rock),  this  limestone  is  not 
much  distinguished  by  its  fossil  contents  from  the  Wenlock  limestone. 

In  some  tracts,  as  at  TJsk,  Monmouthshire,  the.  place  of  this  rock  is 
marked  only  by  the  shelly  courses  which  near  Ludlow  form  its  immediate 
cover ;  and,  wherever  these  peculiar  beds  occur,  they  are  replete  with 
the  Bhynchonella  (Terebratula)  navicula  (PI.  22.  f  12)  and  the  small 
LeptaBua  Levigata*.  It  is  this  band  which  forms  the  base  of  the  Upper 
Ludlow  rock ;  and  it  may  be  well  seen  in  the  quarries  at  Aymestry. 

Upper  Ludlow  Rock. — ^This  is  the  most  diversified^  in  structure 
and  contents^  of  the  three  subdivisions  of  the  highest  Silurian 
formation,  and  is  also  remarkable  in  exhibiting  a  transition  into 
the  next  overlying  system^  the  Old  Bed,  or  Devonian.  Its  lowest 
stratum  may  be  considered  the  calcareous  shelly  band,  charged 
with  Bhynchonella  (Terebratula)  navicula,  which  has  just  been 
mentioned  as  forming  the  roof  of  the  Aymestry  limestone,  and 
which  occasionally  attains  a  thickness  of  30  or  40  feet.  This  is 
surmounted  by  grey,  argillaceous  masses,  so  common  throughout 
the  Silurian  rocks,  and  which,  from  their  incoherent  nature,  easily 
decompose  into  mud.  Like  other  Silurian  sediments  of  higher  an- 
tiquity, this  mudstone  has  a  tendency  to  run  into  large  spheroids, 
and  occasionally  contains  small  concretions  of  sandy  clay,  which, 
being  more  destructible  than  the  pure  argillaceous  matrix,  weather 
out  in  the  £Eu;e8  of  the  escarpments,  marking  the  lines  of  strati- 
fication by  small  elliptic  cavities  like  swUlow-holes. 

The  chief  and  distinguishing  portion  of  the  Upper  Ludlow  con- 
tains more  calcareous  matter  and  sand  than  the  beds  immediately 
beneath.  It  is,  on  the  whole,  a  slightly  micaceous,  thin-bedded 
stone,  of  bluish-grey  colour  within,  but  weathering  externally  to  a 
brown,  rusty  grey,  and  remarkable  for  its  symmetrical,  transverse 
joints,  as  exhibited  at  a,  a,  in  the  following  view. 

Some  strata  of  this  character  appear  also  in  the  foreground  of 
the  vignette,  p.  136,  which  represents  the  Castle  of  Ludlow  standing 
on  the  rock  out  of  which  it  was  built.  Though  quarried  extensively 
for  use,  the  stones,  either  when  not  well  selected,  or  not  placed  hori- 

*  Mem.  Geol.  Sarv.  vol.  ii.  pt  1.  pi.  26.  fig.  3  (L.  lepisma). 
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zontally  in  the  wall  in  the  direction  of  the  layers^  are  very  prone  to 
decomposition.     This  rock  is  well  exhibited  near  Ledbury  also. 


a  a 

Uppeb  Ludlow  Rocks  at  the  Bone  Well*.    (From  Sil.  Syst.  p.  250.) 

I  have  elsewhere  compared  this  member  of  the  Upper  Ludlow 
with  the  'Macigno^  of  Italy,  and  particularly  with  those  dark 
greyish  portions  of  the  latter  which  occur  between  Perugia  and 
Florence.  This  lithological  resemblance  of  so  old  a  rock  to  so 
young  a  deposit  (for  the  Italian  Macigno  is  no  older  than  the 
London  Clay)  is  cited  to  show  how  similar  materials — sand,  mud, 
and  calcareous  matter,  collected  on  a  sea-bottom,  often  necessarily 
resemble  each  other  when  formed  into  stone,  though  originally 
deposited  at  such  very  widely  separated  periods.  In  this  compari- 
son it  is  further  to  be  noted,  that  the  '  Macigno,'  or  young  Italian 
rock,  is  infinitely  more  hard,  compact,  and  durable,  than  the  very 
ancient  stone  of  Ludlow  If 

The  surfaces  of  these  Upper  Ludlow  rocks  are  occasionally 
covered  by  small  wavy  ridges  and  furrows,  here  and  there  crossed 

*  This  well  is  so  named  because  bones  of  mice,  frogs,  and  other  small  animals 
are  from  time  to  time  washed  out  from  the  open  joints  (a)  of  the  impending  rock. 
Old  Drayton,  in  his  Polyolbion,  considered  this  a  great  marvel,  and  converted  the 
bones  of  frogs  into  those  of  fishes : — 

**  With  strange  and  sundry  tales 
Of  all  their  wondrous  things ;  and,  not  the  least  in  Wales, 
Of  that  prodigious  spring  (him  neighbouring  as  he  past) 
That  little  fishes*  bones  continually  doth  cast." 
t  See  a  description  of  the  tertiary  Macigno  of  Italy,  in  the  Memoir  '  on  the 
Alps,  Apennines,  and  Carpathians,'  Quart.  Joum.  Geol.  Soc.  vol.  v.  p.  280. 
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by  litUe,  tortuous^  raised  bands ;  the  fonner  of  these  are  supposed 
to  have  resulted  firom  the  rippling  action  of  waves^  when  the  sedi- 
ment was  accnmulating  under  a  shallow  sea,  and  the  latter  to  have 
been  the  traces  left  by  worm-like  animals  on  a  sandy  and  muddy 
shore  during  the  intervals  of  the  tides. 

It  is  chiefly  in  this  upper  portion  of  the  formation  that  the  best 
defined  oiganic  remains  are  founds  often  preserving  the  sharpness 
of  their  forms^  and  the  remains  of  their  original  shelly  coverings. 

Here  we  meet  with  a  profusion  of  the  following  fossils : — Chonetes 
(Leptffina)  lata,  K.  20.  f.  8 ;  Orthonota  amygdalina,  Fl.  23.  f.  7 ;  Gonio- 
phora  cymbaeformis,  f.  2 ;  Pterinea  lineatula,  f.  16 ;  P.  retroflexa,  f.  17 ; 
Orbicula  rugata,  Fl.  20.  f.  1,  2 ;  Orthis  elegantula  (var.  orbicularis), 
f.  9;  O,  lunata,  f.  11;  Bhynchonella.  (Terebratula)  nucula,  Fl.  22. 
f.  1,  2;  Turbo  corallu,  Fl.  24.  f.  1;  T.  octavius,  f.  4;  Ac.;  and  the 
curved  shelly  annelide-tube,  Serpulites  longissimus,  Fl.  16.  f.  1.  The 
Comulites  serpularius,  Fl.  16.  f.  8-9,  and  a  small  Tentaculite,  f.  12,  with 
the  minute  Beyrichia  Elosdeni,  Fl.  34.  f.  21,  are  also  not  uncommon. 

Corals  are  rather  scarce ;  yet  Stenopora  (Favosites)  fibrosa  is  found 
finequently  encrusting  particular  species  of  shells, — Turbo  corallii  and 
Murclusonia  corallii,  FL  24.  f.  1  A  7,  as  their  names  imply,  being  its 
fiivourite  habitats.    This  coral  has  been  figured,  p.  132,  Fobs.  17.  f.  8. 

Orthoceratites,  occasionally  of  large  size,  occur ;  the  species  being  the 
same  as  those  known  also  in  the  Lower  Ludlow  rock,  Fl.  26  et  9eq,  Of 
trilobites,  the  Fhacops  caudatus  and  Encrinurus  punctatus,  with  a  rare 
sample  of  the  Calymene  Blmnenbachii,  reach  the  summit,  but  they  are 
not  abundant.  The  most  prevalent  trilobite  is  a  fine  species  of  the  genus 
Homalonotus  (H.  Knightii,  FL  19.  f.  7),  which  may  be  found  through- 
out the  whole  range  of  this  formation,  firom  Fembrokeshire  to  West- 
moreland, and  IB  sometimes  of  very  large  size. 

In  the  cliffs  at  Ludlow,  the  chief  body  of  rock  is  surmounted  by  what 
has  been  termed  the  Fucoid  bed.  This  is  a  greenish-grey,  argillaceous 
sandstone,  almost  entirely  made  up  of  a  multitude  of  small,  wavy,  cy- 
lindrical, stem-like  forms,  which  resemble  entangled  sea-weeds.  In 
this  mass  is  found,  and  always  in  a  vertical  position,  the  singular  body 
(H.  12.  f.  6)  named  Cophinus  dubius.  It  is  generally  of  an  inversely 
pyramidal  shape,  and  its  sides  are  scored  with  elegant  transverse  grooves. 
I  am  assured  by  Messrs.  Sowerby  and  Salter,  who  have  studied  it  atten- 
tively, that  it  is  the  impression  made  by  the  stems  of  encrinites,  which, 
rooted  and  half-buried  in  the  micaceous  mud,  have  produced,  by  their 
wavy  and  somewhat  rotatory  motion,  the  beautiful  pattern,  every  line 
of  which  answers  to  one  of  the  projecting  bosses  or  rings  of  the  jointed 
stem.    In  fact,  these  stems  are  always  found  lying  contiguous  to  the 

l2 


Digitized  by  VjOOQIC 


148  SILURIA.  [Chap.  VII. 

markings.  Such  bodieB,  in  their  alow  trailingB  or  gyrations,  may  have 
probably  left  accurate  impressions,  in  consequence  of  the  diffusion  of 
small  particles  of  mica  in  the  mud,  the  flat  plates  of  which,  having  been 
drawn  into  positions  parallel  to  the  line  of  motion,  may  have  impeded 
the  perfect  fusion  of  the  separated  portions  of  the  semi-fluid  mass  after 
the  stem  had  passed  through  them. 

The  highest  of  the  Ludlow  rocks  is  a  most  interesting  divi- 
sion of  the  younger  Silurian  group^  inasmuch  as  it  is  the  oldest 
band  in  which  any  remains  of  fishes  and  land-plants  have  been  dis- 
covered in  Britain.  The  lower  layers  of  this  zone,  as  seen  at  Lud- 
low, are  finely  laminated,  earthy,  greenish-grey  sandstones,  con- 
taining a  few  remains  of  ichthyolites,  with  several  shelly  remains 
dbaracteristic  of  the  formation.  It  was  the  central  part  only  of 
this  band,  or  a  gingerbread-coloured  layer  of  a  thickness  of  three 
or  four  inches,  and  dwindling  away  to  a  quarter  of  an  inch^  which 
exhibited,  when  my  attention  was  first  directed  to  it"^,  a  matted 
mass  of  bony  fragments,  for  the  most  part  of  small  size  and  of  very 
peculiar  character.  These,  with  a  few  remains  of  shells  and  crus- 
taceans, including  the  Pterygotus  problematicus,  occur  in  a  cement 
in  which  varying  proportions  of  carbonate  of  lime,  phosphate  of 
lime,  iron,  and  bitumen  are  disseminated.  Some  of  the  fragments 
of  fish  are  of  a  mahogany  hue,  but  others  of  so  brilliant  a  black, 
that,  when  first  discovered,  they  conveyed  the  impression  that  the 
bed  was  a  heap  of  broken  beetles. 

The  supposed  fishes  of  this  stratimi,  as  exhibited  in  my  original  work, 
must  now,  it  seems,  be  reduced  in  number.  At  all  events,  besides  the 
remarkable  Pterygotus,  portions  of  which  are  figured  in  PI.  19.  f.  4-6, 
and  which  was  removed  by  Agassiz  himself  to  the  class  of  crustaceans, 
Professor  M*Coy  has  diminished  the  list  of  ichthyolite  remains  by  proving 
that  some  of  the  supposed  ^A-c^^^k;^  should  also  be  removed  to  that 
group.  One  of  these,  to  which  he  has  applied  the  name  Leptocheles 
Murchisoni  (see  PI.  19.  f.  1,  2),  was  formerly  figured  as  an  Onchus,  or 

*  This  course  was  discovered  by  my  might  be  considered  to  pertain  to  fishes, 

friends  and  excellent  Ludlow  coadjutors.  These  he  affixed  to  tablets,  which  I  be- 

the  Rev.  T.  T.  Lewis  and  Dr.  Lloyd,  Ueved  to  have  been  deposited  with  the 

the  latter  now,  alas !  removed  by  death,  original  Silurian  types  presented  by  my- 

By  their  assistance,  and  that  of  the  late  self  to  the  Museum  of  the  Geolo^ctJ 

Biev.  W.  R.  Evans,  I  traced  this  fish-  Society ;  but  unluckily,  these  umque 

bed  in  several  other  parts  of  the  Ludlow  and  precious  forms,  so  carefully  drawn 

jr.  See  Sil.  Syst.  pp.  198, 605.  by  Mr.  James  De  C.  Sowerhy,  and  de- 


fr.  Evans  showed  great  sagacity  and     scribed  by  Agassiz  (see  PI.  35),  can  now 
talent  in  selecting  all  the  forms  which     nowhere  be  round. 
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fish-defence*.  But  although  these  may  he  removed  from  our  scanty  list 
of  Upper  Silurian  yertehrata,  the  ichthyic  nature  of  the  specimens 
figured  in  PL  35.  figs.  1-18,  is  evident.    (See  Chap.  10.) 

The  capping  of  the  hone-bed  is  composed  of  light-coloured,  thin-bedded, 
slightly  micaceous  sandstones,  in  which  quarries  are  opened  out  near 
Downton  Castle  on  the  Teme ; — ^the  Downton  Castle  stone,  Sil.  Syst. 
p.  197.    It  is  traceable  also  in  the  vicinity  of  Malvern. 

The  uppermost  layers  of  the  whole  system^  and  which  form  a 
transition  into  the  Old  Bed  Sandstone,  consist  of  thin-bedded 
flagstones,  occasionally  reddish,  and  in  certain  districts  called  '  tile- 
stones;'  these  contain  the  Lingula  cornea,  a  fossil  found  in  the 
Ludlow  rock,  PI.  34.  f.  2,  with  crustaceans,  defences  of  fishes,  and 
species  of  the  singular  genus  Pteraspis  (PL  37.  f.  9,  10). 

Being  compelled  in  my  earlier  researches  to  draw  a  line  of  de- 
marcation between  the  Upper  Ludlow  formation  and  the  bottom  of 
the  overlying  Old  Bed  Sandstone,  I  then  included  the  tilestones 
in  the  latter;  particularly  as  in  most  parts  of  the  region  a  portion 
of  them  decomposes  into  a  red  soil ;  thus  affording  a  clear  physical 
line  of  demarcation  between  them  and  the  inferior  grey  rocksf. 
The  fossils  which  were  then  figured  as  characteristic  of  such  tile- 
stones  exhibited  Uttle  else  than  species  common  to  the  Upper  Lud- 
low rock,  and  were  chiefly  obtained  firom  this  formation  as  it  ranges 
through  Clun  Forest  and  some  parts  of  S.  Wales,  where  the  Bone- 
bed  has  not  yet  been  seen.  These  species  and  others  since  dis- 
covered have  indeed,  for  eleven  years,  led  me  to  classify  these  tile- 
stones  with  the  Silurian  rocks,  of  which  they  form  the  natural 
snnmiit.  For,  in  their  range  firom  Shropshire,  through  Hereford- 
shire, Badnor,  Brecon,  and  Carmarthen,  where  they  are  often  of 
red  and  yellowish  colours,  they  are  chained  with  Orthoceras  bul- 

*  For  further  illustration  of  this  point,  maps.    Geologists  who  have  bad  to  k- 

aee  Quart.  Joum.  Qeol.  Soc.  Lona.  vol.  hour  with  imperfect  topographical  as- 

ix.  p.  12.  sistance  in  a  region  whicn,  Uke  this,  had 

t  The  reader,  who  may  refer  to  my  been  wholly  unexplored  by  miners  are 

original  map,  must  recollect,  that  it  was  not  those  who  will  criticise  errors  of 

constructed  between  the  years  1831  and  detail,  which  have  been  remedied  by 

1836.    At  that  time  I  coloured  such  those  who  followed  me.    The  classifi- 

sheets  of  the  Trigonometrical  Survey  as  cation  and  chief  outlines  of  mv  map 

had  been  published,  and  from  those  and  and  sections,  as  far  as  they  relate  to 

other  materials,  my  own  map  was  con-  my  own  Silurian  rocks,  have  indeed, 

structed.  In  hct,  nearly  all  tbe  country  in  all  essential  points,  been  sanctioned 

of  Wales  to  the  west  of  my  typical  re-  by  the  numerous  geologists  who  have 

gion  was  then  undefined  upon  accurate  succeeded  me. 
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latum^  Chonetes  (Leptsena)  lata^  Spirifer  eleyatus^  Orthis  lunata^ 
Rhynchonella  (Terebratula)  nucula^  Cucullella  ovaia^  BellerophoB 
trilobatns,  B.  expansus,  Trochus  helicites,  Holopella  (Turritella) 
obsoleta^  and  the  minute  biyalved  crustacean,  Beyrichia  Eloedeni. 
(See  PL  84.)  All  of  these  are  common  fossils  of  the  Upper  Ludlow 
rock ;  and  a  few  of  them  descend  as  low  even  as  the  Upper  Llan- 
dovery rock  beneath  the  Wenlock  shale. 

If  we  include  the  Downton  Castle  building-stone,  this  transition- 
band  contains  the  oldest  casta  of  recognizable  terrestrial  vegeta- 
tion yet  found  in  England  and  Wales'^.  The  specimens  hitherto 
collected  are  usually  small,  and  little  more  than  carbonized  frag- 
ments. At  the  bottom  of  the  detached  basin  of  Old  Bed  Sandstone 
of  Clun  Forest  in  Shropshire,  I  detected  thin  layers  of  matted 
and  broken  vegetables  (frequently  carbonized)  in  the  tilestone  or 
'firestone'  beds  of  that  tract  (Sil.  Syst.  p.  191).  Since  then,  our 
acquaintance  with  them  has  been  enlarged,  and  the  Museum  in 
Jermyn  Street  contains  many  more  specimens  from  this  stratum, 
among  which  are  the  minute  globular  bodies,  PL  35.  f.  30,  called 
^  Bufonites  *  in  the  *  Silurian  System,^  but  which,  as  will  presently 
be  explained  (p.  152),  are  now  known  to  be  of  vegetable  origin. 

Though  not  everywhere  divisible  into  the  portions  above  described, 
the  Upper  Ludlow  rock  maintains,  on  the  whole,  a  decisive  aspect 
in  its  range  through  Shropshire,  Hereford,  and  Radnor  into  Brecon 
and  Carmarthenshire,  until  last  seen  in  the  clifb  of  Marloes  Bay, 
Pembrokeshire.  Frequently  somewhat  calcareous,  the  deposit  is 
in  these  districts  for  the  most  part  a  harder  and  more  sandy  stone, 
partaking  in  a  greater  degree  of  the  character  of  the  Italian  '  Ma- 
cigno,'  as  before  said,  than  any  other  rock  of  the  Silurian  system. 
Sometimes  it  is  even  a  hard  siliceous  rock. 

On  the  eastward  slopes  of  Bradnor  and  Hergest  Hills,  near  Kington, 
and  particularly  in  the  ridges  extending  thence  by  Oladestry  and  Fams 
Castle  to  the  Treweme  Hills  on  the  Wye,  this  formation  is  often  ad- 
mirably exposed  in  slightly  inclined  masses  replete  with  fossils.  In 
the  escarpment  of  the  Treweme  and  Begwm  Hills  t,  and  in  many  other 
places,  it  is  strikingly  exhibited  as  a  grey,  shelly,  thin-bedded  rock, 

*  In  the  much  older  Silurian  rocks  of  t  Thia  was  mv  first  Silurian  section, 

Scotland,  some  traces  of  the  structure  of  1 831 ,  in  passing  mm  the  known  Old  Red 

small  land-plants  have  been  detected,  as  to  the  then  tmJbfioif;!!  Ludlow  rocks,  Sil. 

will  be  noticed  in  the  next  chapter.  Svst.  pp.  6,  312. 


Digitized  by  VjOOQIC 


Chap.  VH.]    UPPEB  LUDLOW  EOCK— BRECKNOCKSHIBE.  161 

dipping  under  the  bottom  beds  of  the  Old  Bed  Sandstone,  as  in  the 
woodcuts,  pp.  121,  128, 137, 151. 

Along  the  .outer  or  western  edge  of  the  Malvern  llilh,  the  section  of 
the  Upper  and  Lower  Silurian  rocks,  as  illustrated  at  p.  106,  exhibits, 
in  like  manner,  Upper  Ludlow  rocks  dipping  under  the  Old  Bed.  De- 
scriptions of  this  subformation,  as  occurring  at  many  places,  from  Led- 
bury northwards,  may  be  consulted  both  in  the  *  Silurian  System '  and 
in  the  monograph  of  Professor  Phillips*. 

Similar  passages  upwards,  from  inferior  grey-coloured  to  superior  red 
rocks,  are  observable  at  Usk,  and  in  tracts  around  that  town,  where  the 
Ludlow  rocks  rest  upon  Wenlock  limestone  t  and  are  full  of  the  ordi- 
nary fossils.  This  small  Silurian  oasis  in  a  region  of  Old  Bed  Sand- 
stone (see  Map)  is  highly  interesting,  and  exhibits  on  either  bank  of 
the  river  Usk  some  peculiarities  of  mineral  structure  connecting  the 
eastern  and  western  tracts  of  the  Silurian  region. 

In  Brecknockshire,  to  the  south  of  Builth,  the  Ludlow  rocks,  sur- 
mounting a  noble  escarpment  of  the  lower  member  of  the  Upper  Silu- 
rian on  the  right  bank  of  the  Wye,  but  in  which  no  limestone  occurs, 
exhibit  a  fine  upward  development,  as  they  pass  under  the  Old  Bed  Sand- 
stone in  the  wilds  of  Mynydd  Epynt  (see  the  long  vignette,  p.  61,  and 

Bbxook  Ahticlihal  op  Ludlow  Books,  thbowino  or»  Oid  Red  Saitdbtoits. 
(Prom  Sil.  Syet.  p.  211.) 

N.  W.  Ah  FawT  ud 

Com-y-tea. 


0^  Lower  Ludlow.    ^.  Middle  Ludlow  with  a  cakareous  band  represeiitmg  the 
Aymestxy  iimeetoiie.    c*.  Upper  Ludlow.    /.  Old  Bed  (lowest  beds). 

Chapter  11).  There  the  Upper  Ludlow  rises  from  beneath  the  Old 
Bed,  in  a  rapid  anticlinal  flexure  at  Alt-&wr  and  Com-y-fan,  as  here 
represented ;  the  central  and  lower  members  of  the  formation  forming 
the  underlying,  arched,  untinted  strata,  e*. 

Thence  into  Carmarthenshire,  the  junction  of  the  Ludlow  rocks  with 
the  Old  Bed  Sandstone  is  well  laid  open  in  numerous  places,  especially 
in  the  narrow  valley  of  Cwm  Bwr,  between  Trecastle  and  Llandovery, 
where  the  tilestones,  on  which  Horeb  Chapel  stands,  are  full  of  the  casts 
of  shells,  among  which  are  characteristic  forms,  such  as  the  Trochus 
helicites.  Turbo  Williamsi,  Bellerophon  trilobatus,  and  many  others. 

The  banks  of  the  river  Sawdde,  in  Carmarthenshire,  east  of  Llanga- 
dock,  also  expose  a  good  junction  of  these  highly  micaceous  Upper  Silu- 

*  Mem.  Geol.  Surv.  Great  Brit.  vol.  ii.  part  1.  t  Sil.  Syst.  p.  406. 

Digitized  by  VjOOQIC 


162  SILUBIA.  [Chap.  VII. 

rian  flagstones  with  overlying  Old  Eed  marl ;  the  whole  at  very  high 
angles  of  inclination.  Thence,  in  its  range  to  the  mouth  of  the  Towy, 
the  Upper  Ludlow  becomes  a  compact  hard  sandstone,  everywhere  sur- 
mounted by  Old  Eed*. 

In  Pembrokeshire,  similar  junctions  with  the  Old  Bed  Sandstone  are 
seen  near  Tavern  Spite,  Narberth,  at  Freshwater  East  and  West,  and  in 
Marloes  Bay.  In  all  these  places,  strata  of  dull  greenish-grey  argilla- 
ceous sandstone,  minutely  micaceous,  differing  from  the  type  of  the  Upper 
Ludlow  of  Shropshire  in  being  harder  and  thicker-bedded,  repose  on 
rocks  with  Upper  Silurian  fossils,  and  plunge  under  red  and  green  strata 
(the  'red  rab '  of  Pembroke),  or  bottom  beds  of  the  Old  Bed  Sandstone. 

In  the  valley  of  Woolhope,  the  same  succession  is  very  apparent  all 
round  the  external  rim  of  that  remarkable  elliptical  elevation  (see  diagram, 
p.  121).  In  nearly  all  parts  of  that  boundary,  the  Upper  Ludlow  is  well 
exposed  in  its  characteristic  lithological  condition,  and  is  copiously  charged 
with  its  prevalent  fossils,  Chonetes  (Leptsena)  lata,  &c.,  PI.  20  et  teq. 
Its  upper  beds  even  contain,  in  one  or  two  spots,  the  remains  of  fishes. 

At  Hagley  Park,  distant  only  two  miles  from  the  north-western  end 
of  the  Woolhope  ellipse,  and  four  miles  east  of  Hereford,  the  uppermost 
beds  of  the  Ludlow  formation  have  been  exposed  from  beneath  their 
cover  of  red  clay  and  marl ;  and  there  the  thin  bed,  containing  fish-bones 
and  the  crustacean  Pterygotus,  was  foimd  by  Mr.  H.  Strickland  to  be 
just  in  the  same  relative  position  as  at  Ludlow  f.  This  spot  marks  a 
minor  undulation,  or  dome  of  Ludlow  rock,  the  surface  of  which  only 
is  visible :  a  much  greater  mass  of  the  formation  has  been  protruded 
in  the  adjacent  hill  of  Shucknall,  as  formerly  described  (Sil.  Syst.).  At 
Hagley  Park,  the  fish-bed,  scarcely  exceeding  an  inch  in  thickness,  lies 
between  strata  of  brownish  and  yellowish  sandstone  (the  Downton  Castle 
stone)  and  a  grey  micaceous  shale  full  of  Upper  Ludlow  fossils.  The 
fish-remains  are  chiefly  those  of  the  minute  shagreen  scales  (PI.  35.  f  18), 
the  fish-defences  Onchus  Murchisoni  and  O!  tenuistriatus  (figs.  13-17), 
with  Coprolites  (figs.  21-28).  In  the  sandy  beds  above  these  there  are 
the  remains  of  carbonized  vegetables,  and  among  them  Mr.  Strickland 
detected  some  of  the  minute  globular  bodies  mentioned  before,  which 
Pr.  Hooker  has  ascertained  to  be  seed-vessels  belonging  to  the  natural 
order  Lycopodiaces.  Similar  vegetable  traces  have  been  observed  at 
various  places  around  the  external  rim  of  the  Woolhope  ellipse^  as  near 
Stoke  Edith,  <&c. 

Since  the  publication  of  the  first  edition  of  this  work,  the  bone-bed 
has  been  discovered  at  Brockhill,  by  the  Bev.  E.  Dyson,  and  by  Mr. 

*  See  woodcuts,  pp.  57,  58.  beds  in  thelS.  of  Herefordshire  and  in 

t  I  visited  the  spot  since  the  dis-  Gloucestershire.    Quart.  Joum.  Geol. 

covery,  in  company  with  Mr.  Strick-  Soc.  Lond.Tol.  viii.  p.  381,  and  ib.  vol. 

land.      See  his  descriptions  of  these  ix.  p.  8. 
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Salter  at  Hales  End,  both  near  Malvern.  It  is  a  calcareous  layer,  full 
of  common  Ludlow  shells,  and  overlaid  hj  Downton  sandstone. 

Again,  in  the  southernmost  prolongation  of  the  Silurian  group  of  May 
Hill  and  Huntley  Hill,  where  I  formerly  described  the  whole  Silurian 
series  as  reduced  to  one  thin  mass  of  Ludlow  rock,  having  the  Old  Bed 
Sandstone  on  one  side,  and  the  New  Bed  on  the  other,  my  lamented 
friend  Mr.  Hugh  Strickland  detected  one  of  these  thin  fish-bone  layers 
in  precisely  the  same  position  as  at  Ludlow. 

In  the  arched  or  dome-shaped  masses  of  Upper  Silurian  rocks,  which 
rise  out  from  beneath  the  Old  Bed  Sandstone  at  Pyrton  Passage  on  the 
Severn,  Professor  Phillips  has  also  noted  the  remains  of  small  fish-bones 
in  the  Upper  Ludlow  rocks*. 

The  persistence  of  the  uppermost  band  of  the  Ludlow  rock^  with 
the  oldest  land-plants  and  fishes  yet  recognized  in  Britain^  and 
certain  shells^  at  considerable  distances  from  the  tract  in  which  it 
was  first  described^  is  truly  remarkable^  and  shows  the  value  of 
close  and  minute  researches  over  extensive  areasf. 


Since  the  publication  of  the  first  edition  of  this  work,  discoveries 
have  been  made  of  new  forms  of  animal  remains  in  the  upper  layers 
of  the  Ludlow  rocks  and  the  tilestone  strata  into  which  they  pass 
upwards,  which  merit  a  special  notice. 

Becognizing  the  original  bone-bed  of  the  Ludlow  rock  on  the  face  of 
Bradnor  Hill  near  Kington,  Mr.  Bichard  Banks  has  shown  that  it  is  there 
overlaid  first  by  liver-coloured  strata  containing  the  Chonetes  (Leptaena) 
lata,  Orthonota  amygdalina,  &c.  A  bed  charged  with  Trochus  helicites 
and  Lingula  cornea  then  occurs,  followed  by  other  strata  of  somewhat 
different  minend  character,  containing  the  remains  of  fishes  and  their 
coprolites,  with  the  peculiar  crustacean  Pterygotus,  &c.X 

*  Mem.  Qeol.  Surv.  of  Great  Brit,  bed,  six  inches  thick,  is  sunnoanted  by  a 
vol.  ii.  part  1.  The  succession  of  the  thin  oonrse  chaived  with  Pterygoti,  and 
Silurian  rocks  in  the  dislocated  tract  of  covered  by  argillaceous  layers  (replete 
Tortworth,  to  the  S.E.  of  Pyrton  Pas-  with  the  Trochus  heUdtes  and  Bey- 
sage,  is  described  in  detail  in  the  '  Silu-  richia  Kloedeni),  which  form  the  base 
rian  System,'  p.  99.  of  the  Downton  Castle  sandstone.    Mr. 

t  Another  example  of  the  ascending  Lightbody  has  observed  a  similar  suc- 

order  from  the  mass  of  the  Upper  Lud-  cession  at  the  north  side  of  WhitcUffe 

low  rock  through  the  chief  bone-bed  into  Coppice,  near  Ludlow, 

the  overlying  Downton  Castle  build-  %  Quart.  Joum.  Geol.  Soc.  vol.  zii. 

ing-stone,  has  recently  been  detected  by  p.  93.  That  these  Kington  rocks  contain 

Mr.  Alfred  Marston,  near  Norton,  on  Coprolites  similar  to  those  described 

the  road  to  Onibury,  where  the  fish-  from  Ludlow  has  been  determined  by 
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The  lowest  of  these  overlying  beds,  as  well  exposed  in  quarries  towards 
the  summit  of  Bradnor  Hill,  north  of  Kington,  is  a  greyish  and  yellowish 
band,  containing  the  Trochus  helicites,  together  with  a  species  of  Mo- 
diolopsis,  and  the  Beyrichia,  fossils  which  have  been  considered  charac- 
teristic of  the  Upper  Ludlow  rock*.  This  is  followed  by  a  thin  layer  of 
flaglike  sandstone  with  many  species  of  Onchus  and  the  Lingula  cornea. 
This  thin  layer,  and  another  which  is  charged  with  fragments  of  Ptery- 
goti  and  two  species  of  ichthyolites — Pteraspis,  are  surmounted  by  the 
bluish  or  light  grey,  hard  building-stone  of  Kington.  This  again  is 
covered  by  less  massive  beds  (also  charged  with  the  same  crustacearjti 
and  flshes,  together  with  fragments  of  carbonized  plants)  that  graduate 
insensibly  into  more  micaceous  and  thin-splitting  layers,  formerly  used 
as  tiles.  ISTow,  all  these  strata  constitute  the  regular  summit  of  the 
range  ^of  the  Kington  Hills,  the  soil  of  which  is  nowhere  red ;  though, 
in  following  them  in  their  gradual  inclination  to  the  south-east,  into  the 
lower  grounds  of  Herefordshire,  on  the  banks  of  the  river  Arrow,  they 
are  seen  to  be  covered  by  red  marls  and  sandstone. 

In  the  environs  of  Ludlow,  remains  of  fishes  and  crustaceans  in  beds 
at  a  higher  level  than  the  original  bone-bed  have  also  been  detected, 
chiefly  through  the  close  researches  of  Mr.  Lightbody.  In  the  railroad 
cutting  to  the  north-east  of  Ludlow,  a  small  insulated  portion  of  an 
olive  or  grey-coloured  shale  was  exposed.  It  is  faulted  on  the  north- 
west against  old  red  sandstone,  and  is  conformably  surmounted  on  the 
south-east  by  red  marls,  Sog,  The  lowest  visible  layer  at  this  spot  is 
a  finely  levigated,  liver-coloured,  and  greyish  rock  in  which  certain  ich- 
thyoUtes  and  fossils  occur;  and  this  passes  upwards  into  an  overlying 
reddish-brown,  micaceous  sandstone,  which  in  its  turn  graduates  into  red 
shale  or  marl.  It  is  manifest,  therefore,  that  this  member  is  distinct 
from  and  superior  to  the  first-described  Ludlow  bone-bed  (Sil.  Syst. 
p.  198) ;  since  that  stratum  is  fiairly  overlaid  by  grey  rocks  and  the 
Downton  Castle  building-stone.  In  the  beds  at  the  railroad  there  have 
been  foimd  fragments  of  the  genus  Flectrodus  and  the  Onchus  Mur- 

the  analysis  of  Dr.  Hofmami,  of  the  terested  in  looking  through  the  valuable 

Government  School  of  Mines,  who  has  collection  made  by  Mr.  Banks  of  the 

found  that  these  bodies  consist  chiefly  fossils  of  the  Ludlow  rocks,  and  of  the 

of  phosphate  of  lime  with  small  quan-  beds  forming   their  natural  capping, 

tides  of  phosphate  of  magnesia,  sificate  The  Ludlow  bone-beds  discovered  by 

of  alumina,  sulphate  of  lime,  with  traces  Mr.  Lightbody  were  also  visited  by  my 

of  sesquiozide  of  iron,  oxide  of  manga-  associates  and  self,  together  with  Mr. 

nese,  chloride  of  sodium,  and  organic  Salter,  who  identified  most  of  the  fos- 

matter.    There  are  also  in  these  rocks,  sils  tii  situ,  and  who  found  that  the  re- 

extendinff  from  Kineton  to  the  south-  markable  crustaceans  (Pterygoti)  which 

west,  pertectljr  round  nodules  chiefly  of  occur  in  this  stratum  were  of  sevend 

iron  pyrites  with  a  siliceous  matrix.  distinct  species.  (A  Decade,  descriptive 

*  In  examining  the  beds  at  Kington  of  these  fossils,  for  the  Memoirs  of 

in  company  with  Prof.  Ramsay  and  Mr.  the  Geological   Survey  is  in  prepara- 

Avcline,  I  was  much  gratified  and  in-  tion.) 
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chisoni,  both  of  them  speciea  foirnd  in  the  lower  bone-bed,  and  also  the 
Lingula  cornea  and  Beyrichia  KlcBdeni,  PL  84.  f.  2  &  21.  On  the  other 
hand,  the  following  species  here  found  are  unknown  in  anj  inferior 
stratum,  viz.  Cephalaspis  omatus,  Egerton ;  a  new  genus,  Auchenaspis 
Salterit,  Eg. ;  Pterygotus  AngUcus,  Ag. ;  Eurypterus  pygmsBus,  Salter. 

Fossils  (21).    Cbitstacsa  aitd  Fishes  vbom  tub  Tsansition  bbdb,  Ludlow. 

1 


1.  Pterygotus 
Anglicus,   Ag., 
restored  (about 
^h  of  the  na- 
tiural  size); 

2.  Auchenaspis 
Salteri,£g. 


8.  Cephalaspis  P 
omatus,  Eg. 
(Half  natural 
size.) 

3*.  Portion  of 
fig.  3,  magni- 
fied. 


A  restored  figure  is  here  given  of  the  gigantic  crustacean,  Pterygotus 
Anglicus,  whose  pincers  and  other  parts  have  been  collected  at  this  spot. 
Mr.  Salter  concludes  that  this  giant  of  the  Crustacea  measured  not  less 
than  seven  or  eight  feet  in  length,  and  had  a  proportionate  breadth  and 
thickness.    Some  further  details  of  its  structure  will  be  given  in  Chap.  10. 

On  the  right  bank  of  the  river  Teme,  opposite  Ludlow,  a  clearer 
ascending  succession  of  strata  has  been  traced,  notwithstanding  a  heavy 
cover  of  drift  and  gravel,  and  chiefly  by  observing  the  strata  which 
appear  when  the  river  is  very  low.    Thus,  the  rocks  containing  the 

t  The  Auchenaspis  differs  from  the  p^anular  surfaces ;  a  character  not  found 

Cephalaspis  in  having  the  buckler  trun-  in  the  broad  lunate  heads  of  fishes  so 

cated  behind,  and  the  nape  of  the  neck  common  in  the  Old  Red  Sandstone  of 

covered  by  two  wide  square  plates  with  Scotland  and  Herefordshire. 
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original  bone-bed  are  observed  to  slope  gently  down  to  the  south-east, 
and  to  pass  under  light-coloured  flagstones,  which  at  the  Com  Mill  near 
Ludford  are  overlaid  by  micaceous  brovmish  sandstone.  These  again  are 
followed  by  reddish  marls  with  greenish  minute  concretions.  Whether 
the  same  fish-bed  which  is  observable  at  the  Eailroad  may  not  be  de- 
tected at  this  point  is  uncertain,  as  the  series  is  irregularly  traceable  only  *. 
But  above  all  these  strata,  both  grey  and  red,  there  occurs  a  band  of 
light  grey  micaceous  sandstone  or  grit  with  carbonaceous  markings  and 
seed-vessels  of  cryptogamic  plants,  and  in  it  Mr.  Lightbody  has  detected 
remains  of  fishes  and  other  fossils.  Among  these  we  again  find  the 
Plectrodus  mirabilis,  Onchus  Murchisoni,  and  Lingula  cornea  of  the 

FOBBILB   (22)   OV  THE  IJPPEMCOST  BOKB-BED,  KBAB  LUDLOW. 
3  S 


1.  Cfephalaspis   Mur-  jfflBM^  ^'  ^^'^ftus  frag- 

than  half  of  the  na-  ^HNp^  ^  ^'  ^^ff  T'™^ 

tuna  size.)  ^^Bm^^  ^ 


lower  bone-bed,  though  the  Trochus  helicites  of  that  horizon  is  no  longer 
detected.  It  may,  therefore,  be  naturally  suggested,  that  this  band  con- 
stitutes the  last  link  in  the  chain  of  Silurian  life. 

In  this  rock  there  is,  indeed,  a  form  of  fish,  not  yet  seen  in  the  inferior 
courses,  to  which  Sir  P.  Egerton  has  assigned  the  name  of  Cephalaspis 
Murchisoni  (Quart.  Joum.  Geol.  Soc.  1867).  It  is  represented  in  the 
preceding  woodcut ;  and,  differing,  as  it  does,  in  a  marked  manner,  by  the 
truncated,  not  arched,  posterior  margin,  from  the  Cephalaspis  LyeUii  of 
the  Old  Bed  Sandstone,  this  species  may  be  considered  as  characteristic 
of  a  bed  which  indicates  a  true  passage  from  the  summit  of  the  Silurian 
rocks  into  the  Devonian  rocks  or  Old  Eed  Sandstone.  In  the  copious 
development  of  red  marls  and  thick-bedded  sandstones  which  foUow,  the 
fossils  that  characterize  the  inferior  strata  are  no  longer  detected. 

The  tilestones  are  visible  all  along  the  eastern  frontier  of  the 
Silurian  rocks  (particularly  from  Kington  to  the  Treweme  HiUs 
on  the  Wye),  and  scarcely  exceed  forty  or  fifty  feet  of  maximum 
thickness,  including  both  their  thick  and  thin  strata,  and  even  some 
reddish  marl  and  micaceous  sandstones.    They  constitute,  therefore, 

*  It  is  manifest  that  faults  must  abound  near  the  apex  of  the  elevated  Ludlow 
promontory,  and  that  dislocations  similar  to  that  which  occurs  at  the  Railroad  may 
DC  frequent. 
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both  lithologically  and  zoologically,  a  term  of  true  transitioii,  and 
cannot  be  arbitrarily  classed  as  a  whole  either  with  Silurian  or  De- 
vonian. It  is,  however,  manifest  from  its  organic  remains  that  the 
lowest  of  the  bone-beds  is  really  part  and  parcel  of  the  Jjudlow  rock^. 
In  the  next  chapter  it  will,  indeed,  be  seen,  that  large  and  pecu- 
liar species  of  crustaceans  (Pterygoti)  also  specially  characterize  the 
very  uppermost  beds  of  the  Silurian  rocks  of  Scotland,  or  the  black 
slaty  shale  of  Lanarkshire,  which  clearly  underlies  every  stratum  to 
which  the  term  Old  Bed  Sandstone  has  been  applied.  Again,  as 
will  afterwards  be  shown,  the  same  term  in  the  series  of  the  paleo- 
zoic rocks  of  Russia,  viz.  grey  and  calcareous  strata  underlying  all 
the  Devonian  rocks,  is  characterized  by  crustaceans  of  the  family 
of  Eurypteridse ;  whilst  both  in  Scotland  and  Russia  these  crus- 
taceans are  associated  with  the  Lingula  cornea,  an  unmistakeable 
shell  of  the  Upper  Ludlow  rock. 


The  formations  and  subdivisions  of  the  Silurian  rocks  of  the  re- 
gion illustrated  in  the  Map  having  now  been  described  in  the  greatest 
detail  compatible  with  the  limits  of  this  work,  the  reader  is  re- 
ferred to  the  accompanying  lithographed  Table  of  comparison,  that 
he  may  recognize  at  one  view  the  varied  developments  of  the  strata 
in  different  tracts  of  Wales  and  the  adjacent  English  counties. 

The  first  of  the  vertical  columns  in  this  Table  represents  a  more 
complete  series  than  can  be  seen  in  any  one  consecutive  natural 
section.  It  is  a  union  of  all  the  known  strata,  as  derived  from 
various  localities.  A  near  approach,  however,  to  this  complete  se- 
quence of  beds  is  observable  in  South  Wales,  as  expressed  in  the 
second  column,  which  country,  including  Llandovery,  No.  4,  to- 
gether with  Shropshire,  Herefordshire,  and  the  border  Welsh  tracts 
of  Montgomery  and  Radnor,  Nos.  5,  6,  7,  8,  &  9,  constituted  the 
original  Silurian  region.  By  observing  this  comparative  view,  we 
mark  the  attenuation,  in  one  or  more  districts,  of  deposits  which  are 

*  Mr.  D.  Page,  in  his  able  Manual,  Murchisoni  (Sil.  Syst.)  in  the  lowest  of 

has  placed  the  orig:ittal  Ludlow  bone-  these  bone-beds  affords  no  reason  for 

bed  at  the  base  of  the  Old  Red  Sand-  seinrating  it  from  the  Ludlow  rocks ; 

stone.     His  eround  for  this  classifica-  seeing  that  this  very  band  is  filled  with 


tion  isy  that  ibssil  fishes  here  first  ap-  marine  shells  unequivocally  of  Silurian 
pear.  But  I  contend  that  the  presence  age,  many  of  which  are  found  low  down 
of  thePlectrodus  mirabilis  and  Onchus     in  that  system. 
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expanded  and  interpolated  in  others ;  also  that  certain  bands  well 
exposed  in  limited  areas  are  wholly  omitted  in  other  tracts.  The 
inquirer  has  thus  before  him  the  condensed  result  of  the  long  and 
laborious  researches  of  the  Geological  Survey  in  unravelling  the 
highly  diversified  conditions  of  the  substrata  in  Wales  and  Siluria. 

In  viewing  this  Table  it  is  to  be  recollected,  that  in  the  column 
No.  8,  the  ascending  order  might  have  been  continued  through  the 
Ludlow  rocks  up  to  the  Old  Bed  Sandstone;  inasmuch  as  that  suc- 
cession is  everywhere  visible  to  the  S.E.  of  the  Wenlock  Edge.  By 
combining  such  an  ascending  section  as  is  seen  in  No.  1  (and  which 
is  everywhere  apparent  along  the  Silurian  frontier)  with  the  section 
from  the  Longmynd  to  the  N.W.  (No.  7),  in  which  the  lower  divi- 
sions are  fiilly  developed,  the  geologist  has  before  him,  in  Shrop- 
shire  only,  the  y^hole  Silurian  system  from  its  base  to  its  summit, 
with  the  exception  of  the  hiatus  occasioned  by  the  absence  of  a 
portion  of  the  Llandovery  Bocks  explained  at  p.  99.  In  this  same 
limited  tract,  he  also  sees  the  most  copious  development  of  the 
Cambrian  rocks  known  in  Great  Britain  (the  Longmynd) ;  and  finds, 
in  short,  nearly  all  the  strata  which  by  great  undulations  are  spread 
over  the  Principality  of  Wales  and  various  English  counties  I 

In  the  succeeding  chapters,  numerous  allusions  are,  indeed,  made 
to  great  dislocations  or  faults,  a  complete  acquaintance  with  which 
can  alone  be  obtained  by  consulting  the  maps  and  horizontal  sec- 
tions of  the  Geological  Survey.  Beverting  for  a  moment  to  such 
phenomena,  the  reader  has  only  to  refer  to  the  section  at  p.  99>  to 
see  that,  by  the  compound  fractures  of  the  crust  in  even  the  typical 
Silurian  tract  of  Shropshire,  the  very  oldest  known  sediments  of 
Britain  are  brought  into  contact  with  various  overlying  rocks.  In 
that  diagram,  reduced  from  the  Survey  sections,  we  see,  indeed, 
how  different  Upper  Silurian  rocks  are  broken  up  and  forced  in 
between  an  upper  member  of  the  Lower  Silurian  and  the  deep- 
seated  Cambrian  rocks  of  the  Longmynd.  And  yet  the  geologist 
has  only  to  follow  the  undulations  of  the  Lower  Silurian  strata 
into  Montgomeryshire  (see  p.  62)  to  find  the  regular  consecutive 
order  re-established  between  those  rocks  and  the  overlying  strata; 
whilst  in  Shropshire,  Herefordshire,  and  South  Wales  the  Upper 
Silurian  rocks  equally  follow  a  clear  ascending  order. 

In  terminating  this  sketch  of  the  remarkable  British  Silurian 
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r^on  exhibited  in  the  Map,  and  leaving  the  ixurther  description 
of  the  fossils  for  separate  chapters^  the  following  vignette  is  in- 
troduced^ to  represent  at  a  glance  the  only  section  on  the  sea-coast 
where  a  large  proportion  of  the  Silurian  rocks  is  seen  to  dip  under 
the  Old  Red  Sandstone.  At  the  eastern  end  of  St.  Bride^s  Bay,  in 
Pembrokeshire,  the  Lower  Silurian  rocks,  much  dislocated,  and  as- 
sociated with  those  bands  of  trap  which  form  a  striking  outline  in 
the  Skomer  Isles,  plunge  rapidly  to  the  south-east,  and  sink  under 
the  strata  of  the  mainland ;  the  latter  consist  chiefly  of  quartzose 
and  schistose  rocks,  such  as  are  well  seen  in  Wooltack  Pack,  asso- 
ciated with  much  igneous  matter. 

One  of  the  highest  of  these  broken  bands  (c),  representing  the 
upper  Llandovery  rock,  forms  the  foregroimd  of  Marloes  Bay ;  the 


SiLXTBiAV  Rocks  of  Mablobs  Bay,  dtfpikq  uitdbb  the  Old  Red  SANDeToim 
OF  HooE  Point,  Fembboeeshibe.     (From  SiL  Syst.  p.  892.) 

chief  clifis  in  the  landscape  being  composed  of  schists  and  sand- 
stones of  considerable  dimensions,  all  highly  inclined  to  the  south- 
east, as  expressed  in  the  preceding  vignette.  The  upper  portion 
of  these  strata  (rf),  comprising  a  few  courses  of  impure  limestone, 
contains  the  fossils  of  the  Wenlock  formatiotn,  and  is  covered  by 
some  equivalents  of  the  Ludlow  strata,  in  the  condition  of  hard, 
siliceous  grey  rocks ;  the  whole  being  overlaid  in  the  distance  by 
the  Old  Red  Sandstone  {e)  of  Hook  Point*. 

*  In  the  comer  of  the  accompanying  Map,  attention  is  directed  to  an  enlarged 
portion  of  this  tract,  in  which  the  powerful  dislocations  to  which  the  strata  have 
been  subjected  are  marked. 
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CHAPTER  VIII. 

BILVBIAK  BOOEB  OF  BBITAIN  BETOND  THB  TTFIOAL  BBaiON  OP  "SNGIAIFD  AND 
WAIiBS ;  NA.1CELT,  IN  COB>'WALI^  THB  KOBTH-WBBT  OF  BNGLAin),  SCOTLAIO),  AND 
IBBLANB. 

Though  occupjring  large  spaces  in  other  parts  of  the  British  Isles, 
the  Silurian  rocks^  as  separated  into  formations  and  characterized  by 
fossils^  are  nowhere  so  clearly  defined  as  in  the  typical  portion  of 
the  region  of  which  we  have  taken  leave.  In  no  other  tract  of  the 
United  Kingdom  have  geologists  been  able  to  show  so  clearly  the 
relations  of  the  lowest  fossiliferous  or  protozoic  rocks  to  others  be- 
neath them  which  exhibit  scarcely  any  signs  of  former  life ;  nor  so 
dear  an  ascending  order  from  the  Silurian  into  the  next  overlying 
deposit^  the  Old  Bed  Sandstone  or  Devonian  rocks. 

In  Cornwall^  for  example^  the  discovery  within  only  the  last  few 
years  of  certain  fossils  has  proved  that  some  of  the  quartzose  sand- 
stones forming  its  southern  headlands  are  Lower  Silurian.  The 
fossiliferous  sandstone  in  question  passing  to  the  south  of  the  Dod- 
man^  and  coming  out-  to  view  in  Gorran  Haven^  contains  several 
species  of  Orthidse  as  well  as  trilobites  highly  characteristic  of  that 
division*. 

There^  however^  no  one  can  show  an  unbroken  descending  se- 
quence beneath  those  beds^  nor  an  ascending  order  from  them  to 
the  contiguous  and  younger  deposits  of  Devonian  age ;  and  as  large 
portions  of  the  strata  of  Cornwall  have  been  highly  altered  and 
mineralized,  so  also  is  this  southern  tract  much  dislocated.  In 
such  a  region,  therefore,  we  cannot  expect  to  meet  with  proofs  of 
succession.  It  is  sufficient  to  state,  that  the  band  of  siliceous 
grits  and  quartzites  in  the  south  of  Cornwall,  which  I  had  termed 
Silurian  in  1846,  presents  much  of  the  character  and  aspect  of 

*  These  fossils  were  collected  by  Mr.  Geol.  Soc.  Cornwall,  1 846,  p.  3 1 7)»and,  as 

Peach,  and,  from  their  inspection  and  a  such,  they  were  inserted  in  a  new  edition 

visit  to  their  chief  localities  in  1846,  I  of  my  Geological  Map  of  England  and 

pronounced  the  rocks  in  which  they  oc-  Wales,  published  by  tne  Society  for  the 

cur  to  be  Lower  Silurian  (Trans.  Roy.  Diffusion  of  Useful  Knowledge. 
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the  opposite  rocks  of  Brittany,  which  the  French  geologists  have 
mapped  and  described  as  Lower  Silurian  (see  Chapter  16).  This 
is  precisely  one  of  those  broken  and  insulated  tracts  of  older  sedi- 
mentary rocks,  where  the  geologist  has  no  other  test  by  which  he 
can  recognize  age  than  their  imbedded  organic  remains. 

Professor  Sedgwick,  who  has  visited  the  localities  since  I  de- 
scribed them,  shows,  indeed,  that  these  strata  are  ifweried;  the 
Lower  Silurian  (which  he  caUs  Cambrian)  overlying  the  Deyonian 
or  Old  Bed  rocks.  At  the  same  time,  the  chief  fossils  defined  by 
Sowerby  and  M^Coy*^  consist  of  the  simple  plaited  Orthidse  so 
very  common  in  the  Lower  Silurian  rocks,  viz.  Ortlus  calligramma, 
O.  flabellulum?,  O.  elegantula,  and  O.  testudinaria;  Strophomena 
grandis,  PI.  5, 6,  et  seq. ;  and  the  trilobites  Homalonotus  bisulcatus, 
Calymene  duplicata  ?,  and  Phacops  apiculatus.  These  are  all  true 
Lower  Silurian  types  of  Caradoc  age. 

In  the  north-western  and  mountainous  part  of  England,  the 
Silurian  rocks  appear  in  great  force 'in  the  counties  of  Westmore- 
land and  Cumberland  with  the  adjacent  tracts  of  Lancashire  and 
Yorkshire.  Though  some  of  the  members  there  assume  a  litho- 
logical  aspect  different  from  what  they  maintain  in  the  Silurian 
and  Welsh  region,  they  have  been  clearly  paralleled  by  several 
geologists  with  those  original  types.  Professor  Sedgwick,  who  has 
most  studied  the  Lake  r^on  (which  I  have  also  traversed  on  three 
occasions  for  purposes  of  general  comparison)^  and  who  has  de- 
scribed it  in  a  series  of  valuable  memoirs,  has  grouped  the  lowest 
fossiliferous  limestones,  or  those  of  Coniston,  in  his  Cambrian  rocks, 
though  during  several  years  he  identified  them  by  means  of  the 
published  fossils  with  the  Lower  Silurian  and  even  with  its  upper 
portion.    • 

Li  truth,  the  r^cm  of  Siluria,  as  gecdogists  now  admit,  afforded 
the  key  by  which  the  fossiliferous  strata  in  the  north-western  tracts 
of  England  were  brought  into  order  and  had  their  proper  places 
assigned  to  them.  For,  in  Cumberland,  where  the  lowest  members 
of  this  primeval  series  rise  up  into  the  lofty  mountains  of  Skiddaw 
and  Saddleback,  the  inferior  masses  of  crystallized  schists,  which 
pass  downwards  into  fine,  glossy,  chiastolite  slates,  have  been  too 

*  See  Quart.  Joum.  Geol.  Soc.  Lond.  vol.  viii.  p.  13. 
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much  metamorphosed  by  eruptive^  granitic  rocks^  to  allow  us  to 
hope  for  the  detection  in  them  of  a  very  regular  order^  still  less  of 
organic  remains.  These  beds  are  followed  by  green  slates  and  por- 
phyries^ in  which  no  fossils  have  yet  be^i  found,  owing,  as  it  is 
believed,  to  the  great  abundance  of  igneous  matter.  In  vain, 
therefore,  in  such  a  country,  does  the  geologist  seek  for  the  equi- 
valents of  the  bottom  rocks,  described  in  the  earlier  chapters  as 
overlaid  conformably  by  strata  with  Lingulae  and  trilobites.  No- 
where in  the  Lake  r^on  have  the  repeated  labours  of  geologists  or 
fossil  collectors,  not  even  of  that  dose  searcher  John  Buthven,  de- 
tected the  lower  band — or  '  Lingula  flags' — of  North  Wales,  unless 
it  be  represented,  as  Professor  Sedgwick  thinks  probable,  by  the 
few  graptolites  and  fiicoids  of  the  Skiddaw  slate.  With  the  rare 
exception  of  sea-weeds  and  a  zoophyte,  not  a  trace  of  a  fossil  has 
been  detected  in  the  thousands  of  feet  of  strata,  which,  with  inter- 
polated igneous  matter,  intervene  between  the  slates  of  Skiddaw 
and  the  Coniston  limestone,  with  its  overlying  flagstones,  &c.  At 
that  zone  only  do  we  b^in  to  find  anything  like  a  fauna;  and 
judging  from  the  organic  remains,  it  must  be  admitted  to  be  a  re- 
presentative of  the  massive  Caradoc  or  Bala  of  the  Lower  Silu- 
rian rocks.  For,  among  the  fossils,  the  same  species  of  simple 
plaited  Orthidse,  of  trilobites  and  corals,  are  again  met  with  which 
characterize  the  limestones  of  Bala  or  the  shelly  sandstones  of  Caer 
Caradoc  in  Shropshire. 

From  physical  data,  and  the  great  thickness  of  the  strata,  we 
may  hypothetically  admit,  that  Professor  Sedgwick  is  right  in  as- 
signing to  the  schists  of  Skiddaw  (in  which  graptolites  and  fucoids 
alone  have  been  found)  as  high  an  antiquity  as  the  lowest  fossili- 
ferous  beds  of  Nprth  Wales  and  Shropshire.  But  all  we  can  safely 
say  is,  that,  reasoning  from  the  graptolites,  the  whole  is  a  Lower 
Silurian  series,  which  in  its  inferior  parts  is  metamorphosed  and 
obscured  by  igneous  eruptions,  and  exhibits  no  decided  representa- 
tives either  of  the  Llandeilo  formation  or  the  Lingula  flags,  still 
less  of  the  Longmynd  or  bottom  rocks  of  the  typical  region. 

In  proceeding,  however,  to  the  south  and  south-east  from  the 
more  mountainous  and  crystalline  part  of  this  north-western  tract 
of  England,  the  Lower  Silurian  rocks  are  seen  to  be  succeeded  by 
younger  deposits,  which,  though  of  very  different  mineral  cha- 
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racten,  unquestionably  represent  by  position  and  fossils  the  Wen- 
lock  and  Ludlow  formations.  I  cannot  more  tersely  and  clearly 
express  these  relations  than  in  the  language  which  Professor  Sedg- 
wick himself  applied  to  this  r^on  in  1845^  t.  e.  seven  years  after 
the  publication  of  the  '  Silurian  System*/  '^  Thus,  the  fossili- 
ferous  slates/'  he  says,  '^  present,  first,  the  Lower  Silurian  rocks  in  a 
veiy  degenerate  form,  and  secondly,  the  Upper  SUurians  in  a  noble 
seriesf.'' 

Nor  can  I  convey  a  better  idea  of  the  succession  of  rocks  in  this 
district  than  by  referring  the  reader  to  sections  and  descriptions  by 
the  same  author  published  in  1846,  to  be  studied  in  combination  with 
his  last  memoirs  of  1851-2.  It  is  enough  for  me,  on  this  occasion, 
to  state,  tiiat  these  show  a  conformable  succesfion  of  depoflits  firom 
the  crystalline,  chiastolite  schists,  resting  on  a  granitic  nucleus  or 
centre,  up  through  Skiddaw  slates,  and  a  vast  thickness  of  green 
slates  and  porphyry,  to  a  thin  band  of  limestone  (Caradoc  or  Bala), 
and  a  considerable  thicknefls  of  overlying  flagstone,  with  Lower  Si- 
lurian fossils,  followed  by  what  Professor  Sedgwick  has  discovered 
to  be  the  equivalent  of  the  Caradoc  sandstone — ^the  'Coniston 
Orits.'  They  are  surmounted  by  a  copious  Upper  Silurian  series, 
in  which  the  Wenlock  and  Ludlow  formations  are  recognized  by 
their  position  and  fossils,  though,  as  before  said,  their  mineral 
aspect  differs  much  firom  that  of  the  original  types. 

This  Upper  Silurian  series,  forming  the  ridges  on  both  sides  of 
Windermere,  and  thence  extending  fiur  to  the  south,  consists  in  the 
lower  masses  of  the  Lreleth  slates.  These  masses  have  a  slaty 
deavage  oblique  to  the  beds,  are  in  parts  calcareous,  and  have 
proved  to  be  the  equivalents  of  the  Wenlock  formation,  more  par- 
ticularly resembling  certain  schists  in  Denbighshire  which  also 
assume  a  hard,  arenaceous,  slaty  character.  The  overlying  strata 
are  sandy  and  pebbly.  Then  follow  other  coarse  slates,  grits,  and 
flags,  called  by  Mr.  D.  Sharpe '  Windermere  rocks,'  in  which  Lower 
Ludlow  fossils  occur,  and  a  remarkable  calcareous  band,  which  is 


*  Though  1839  is  on  the  title-page, 
the  '  Silunui  Syitem '  was  hrought  out 
•-   '^"^     '-  for  •'      ^  --^-^^-^ 


of  the  Map  and  Sections  caused  the 
delay  in  the  final  publication  of  the 

in  1838;  its  fossils  and  descriptions     laiverwork. 

hsTinj^  really  been  made  known  to  all        f  See  Quart.  Joum.  Geol.  Soc.  Lond. 

practical  British  seologists  between  the    vol.  i.  p.  443. 


years  1833  and  1836.    The  completion 


m2     . 
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seen  at  Underbarrow,  Docker  Park,  &c.  This  band,  it  is  worthy 
of  note,  is  charged  with  starfishes  similar  to  those  which  have  been 
described  as  occurring  in  the  Lower  Ludlow  rock  of  the  Silurian 
region  (p.  141).  A  very  distinct  representative  of  the  Upper  Lud- 
low succeeds,  as  proved  both  by  position  and  fossils,  but  differing 
in  being  a  siliceous  flagstone,  much  harder  than  its  equivalent  in 
Siluria, — ^in  short,  akin  to  the  strata  of  this  age  in  parts  of  South 
Wales.  The  series  terminates  upwards  in  tilestones,  which,  on  the 
banks  of  the  Lune  and  near  Kendal,  are  the  exact  counterparts  of 
the  uppermost  zone  in  the  Silurian  region,  and  are  charged  with 
numerous  fossils,  some  of  the  most  striking  of  which  are  lai^  crus- 
taceans, Ceratiocaris,  Eurypterus,  &c.  (see  p.  155)*. 

Li  this  district,  hcyrever,  the  ascending  succession  is  interrupted, 
as  Professor  Sedgwick  has  shownf.  Instead  of  the  complete  series 
of  the  Old  Bed  Sandstone,  which  has  been  described  in  Shropshire 
and  Herefordshire,  and  a  conformable  gradation  and  passage  up- 
wards into  its  overlying  sandstones  and  marls,  the  Silurian  rocks  of 
all  ages  are  at  once  unconformably  overlapped  by  red  masses,  chiefly 
coarse  conglomerates,  which  alone  represent  the  great  and  complex 
group  to  be  considered  next  in  order. 

Silurian  Rocks  of  Scotland. — In  the  early  days  of  Scottish  geo- 
logy, its  illustrious  founders,  Hutton  and  Playfair,  considered  the 
«chistose  mountains  in  the  south  of  Scotland  to  be  void  of  all  traces 
of  life,  until  their  able  associate,  Sir  James  Hall,  detected  a  few 
fossil  shells  in  a  limestone  at  Wrae  Hill,  in  Peebles-shire,  which  had 
been  considered  to  be  primaiy.  The  merit  of  transferring  these 
strata  from  the  primary  to  the  transition  class  is  also  in  great 
measure  due  to  the  late  Professor  Jameson;  for  though  he  valued 
lightly  organic  remains,  as  was  then  usual  with  the  scholars  of 
Werner,  he  gave  a  clear  general  view  of  the  rocks. 

*  The  reader  who  desires  to  study  pp.  23,  70;   and  those  bv  Professor 

the  data  by  which  our  present  know-  Fnillips,  Geol.  Trans.  2nd  ser.  vol.  iii. 

ledge  of  the  geology  of  the  Lake  di-  p.  1,  and  vol.  iv.  p.  95. 
strict  has  been  acouired,  must  read  the        t  Besides  this  general  transgression 

various  memoirs  of  Professor  Sedgwick  and  unconformity,  it  has  been  pointed 

iki  the  Proceedings  of  the  Geological  out  by  Professor  Si^gwick,  that  the 'Old 

Society,  vol.  ii.  p.  675,  and  the  Quart.  Red'  contains  many  fn^^ents  of  the 

Joum.  Geol.  Soc.  vol.  i.  p.  442,  vol.  ii.  Silurian   tilestones,  which  must  have 

p.  106,  vol.  iii.  p.  133,  vol.  iv.  p.  216,  been  solid  before  the  conglomerate  was 

vol.  viii.  pp.  35,  136;  the  Memoirs  of  formed. — Quart.  Joum.  Geol.  Soc.  vol.  i. 

Mr.  D.  Sharpc,  Proc.  Geol.  Soc.  vol.  iv.  p.  449. 
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It  was  not  until  some  yean  after  the  publication  of  the  *  Silurian 
System'  that  the  researches  of  Professor  Niool  first  really  indicated 
the  relations  of  the  Wrae  fossils  and  the  associated  schistose  masses 
to  the  known  members  of  the  series* ;  and^  since  then^  other  r^ 
searches  of  that  author^  as  well  as  of  Moore^  Sedgwick^  Cunning- 
ham^ Steyenson^  Harkness^  and  myself^  have  brought  the  Scottish 
masses  into  a  distinct  comparison  with  their  true  types. 

Silurian  rocks^  and  particularly  their  lower  members^  are  now 
known  to  occupy  a  very  large  r^on  in  the  south  of  Scotland. 
Banging  on  the  whole  from  E.N.E.  to  W.S.W.,  they  appear  in 
considerable  masses  in  Berwickshire  and  Boxbui^hshire^  and  thence 
spread  out  in  still  larger  areas  oyer  tiie  counties  of  Selkirk^  Peebles, 
Dumfries,  Kirkcudbright,  Oalloway,  Wigton,  and  Ayr.  In  short, 
they  constitute,  on  the  whole,  the  undulating  moory  hills,  which, 
from  their  prevalent  wildness  of  aspect,  have  been  called  the  South 
Highlands.  Subjected,  as  they  have  been,  to  numerous  eruptions 
of  granite,  syenite,  porphyry,  greenstone,  and  other  igneous  rocks, 
some  of  these  ancient  schists  have  long  been  known  to  geologists 
for  the  remarkable  curvatures  they  exhibit  in  the  sea-difis  of  Ber- 
wickshire. A  drawing  is  annexed  upon  the  foUowing  page,  which 
represents  such  flexures  and  breaks,  as  seen  in  the  cove,  called 
Petticur  Wick,  near  St.  AbVs  Headf. 

As  numerous  similar  contortions  are  visible  also  in  the  western 
prolongation  of  the  same  great  series  to  the  coast  of  Wigton  and 
Ayr,  we  ought  to  be  cautious  in  determining  sections  across  the 
interior  portions  of  a  r^on,  where  the  surface  of  the  round  and 
undulating  hills  is  obscured  by  moss,  heath,  and  bog,  and  where 
exposures  of  the  bare  rock  are  rarely  to  be  met  with. 

Difficult,  however,  as  it  has  been  to  fix  upon  the  oldest  portion 
of  these  mland  masses  of  the  Scottish  greywacke,  we  have  now 

*  For  a  complete  historical  sketch,  see  several  rapid,  clever  sketches  made  in 

a  notice  by  Mr.  Hugh  Miller  (Witness  my  note-book,  in  the  autumn  of  1833, 

newspaper,  November  24th  and  27th,  by  Sir  Archibald  Alison,  the  historian, 

1852).    A  single  fossil  was  found,  but  from  a  boat,  in  which  Sir  John  Hall  of 

not  described,  by  Laidlaw,  the  friend  of  Dunglass  and  Professor  Sedgwick  were 

Walter  Scott;  and  orthoceratites  were  also  my  companions.   Some  of  the  lower 

afterwards  discovered  by  Mr.  Charles  buttresses  are  porphyries  and  other  ig- 

Maclaren  in  the  Pentland  Hills,  and  neous  rocks,  which  form  the  adjacent 

Aoticed  in  his  excellent  work,  <  The  Geo-  headland  of  St.  Abb's.    The  convoluted 

logy  of  Fife  and  the  Lothians,'  1839.  masses  form  a  portion  of  the  Longmynd 

t  The  woodcut  is  taken  firom  one  of  or  basement  rocks  of  the  region. 
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reached  that  starting-point.     When  traversing  the  tract  between 
Dumfries  and  Mofiat^  in  1850,  it  occurred  to  me,  that  the  dull 


Yisw  OF  THE  Cliffs  keab  St.  Abb*8  Hsap. 
(From  a  sketch  by  Sir  A.  Alison,  Bart.) 

reddish  or  purple  sandstone  and  schist  to  the  north  of  the  former 
town,  which  so  resembled  the  bottom  rocks  of  the  Longmynd,  Uan- 
beris,  and  St.  David's^,  would  prove  to  be  of  the  same  age,  and 
therefore,  the  true  South  Scottish  axis.  For,  this  mass  (similar  to 
much  of  the  hard  rock  of  St.  Abb's  Head)  evidently  throws  oflF  an- 
thracitic  schists,  with  graptolites,  both  to  the  south  and  to  the 
north.  Professor  Harkness  established  this  order,  after  my  visit, 
by  detailed  sections  in  that  parallel,  ranging  by  the  Dyfe  Water  t. 
The  same  author  has  also  communicated  a  memoir  to  the  Geological 
Society,  wherein  he  traces  this  axial  line  from  the  E.N.E  in  Rox- 
burghshire to  the  W.S.W.  across  Dumfriesshire,  where,  oyrvered  for 
a  space  by  the  red  sandstone  (Permian)  of  Corncockle  and  Dumfries, 
it  seems  to  trend  to  the  granitic  mountain  called  the  Criffel,  in 
Kirkcudbrightshire  % . 

Professor  Nicol,  who  led  the  way  in  opening  out  the  proofr,  both  phy- 
sical and  fossiliferous,  that  the  South  Scottish  Hills  are  really  Silurian, 
has  satisfied  himself  that  this  true  axis  of  the  oldest  and  hitherto  imfos- 

• 

*  Quart.  Joum.  Geol.  Soc.  vol.  vii.  p.  162. 

t  Ibid.  vol.  vii.  p.  52,  and  vol.  viii.  p.  333.  J  Ibid,  vol.  xii.  p.  238. 
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Trap  and  porpkyry. 


Pi 


Biliferoua  rock  ranges  by  Teviotdale*. 
Proceeding  from  that  centre,  he  has 
prepared  the  annexed  general  section, 
which  (minor  flexures  being  omitted) 
exhibits  a  short  ascending  section  to 
the  Cheviot  Hills  on  the  south,  and  a 
very  long  one  to  the  Pentland  Hills, 
near  Edinburgh,  on  the  north. 

This  traverse  shows  in  the  clearest 
manner  an  upward  development  from 
the  lowest  divisions  of  the  series ;  so 
that  after  placing  other  transverse  sec- 
tions in  parallel  with  it,  whether  along 
the  east  coast  or  from  Dumfries  and 
Moffitt,  we  will  then  pass  to  the  west 
coast,  where  we  meet  with  higher  and 
much  more  fossiliferous  masses  of  the 
Silurian  system. 

Casting  his  eye  over  this  diagram  t, 
the  reader  will  readily  understand  the 
comparison  which  is  drawn  between 
these  Scottish  strata  and  those  of  the 
typicaT  region  of  Siluria  and  Wales, 
described  in  the  second,  third,  and 
fourth  chapters. 

Beginning  with  the  rocks  which 
form  the  axis  of  Boxburghshire  and 
Dumfriesshire,  it  is  seen  that  they  are 
of  purplish  or  dull  red  colours,  and 
that  whether  sandstones  or  alternating 
purple  and  grey  schists,  they  are  abso- 
lutely of  the  same  composition  as  the 
bottom  rocks  of  the  Silurian  region 
(Longmynd) .  Until  very  recently,  no 
fossils  had  been  found  near  this  Scot- 
tish basement  rock,  but  in  1854  Sir 
"W.  Jardine  detected  the  Protovirgu- 
laria  in  purplish  shale,  which,  in  the 
parish  of  Applegarth,  lies  immediately 

*  Meeting  of  British  Association,  Bel- 
fast, 1852. 

t  Reduced  from  a  large  coloured  section 
exhibited  at  the  Belfast  Meeting  of  the 
British  Association  for  the  Advancement  of 
Science,  1852. 
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to  the  south  of  the  axial  line.  At  Binks  in  Box1)UTgh8hire,  about  three 
miles  N.E.  from  Moss  Paul  Inn,  and  in  the  same  range,  Professor  Hark- 
ness  has  observed  physical  eyidenoes  of  deposits  formed  in  very  shallow 
water,  in  the  ripple-marks,  cracks  of  desiccation,  and  fine  alternations  of 
sand  and  mud.  On  one  of  the  grey-coloured  layers  of  the  latter  he  de- 
tected in  1855  the  track  of  a  crustacean,  a  drawing  of  which  is  here  given. 


Fossils  (23).    Tbace  of  ▲  Cbustaceait. 


Frotichnites  Scoticus,  Salter,    p      •  t 'tV^  ■'^"l    /#     Impresgiona  of  the  feet  and 
from    Binks,    Roxburgh-    f  #  V '<  l^^t  ^  'V  J  sternal    portion    of    the 

shire.     Half  natural  size.      l\  \  '>^C5^"*  !*  'f""  J  J M  /§  body. 


as  being  the  earliest  sign  of  animal  existence  which  we  have  obtained 
in  Scotland.  The  creature  which  left  these  markings  was  probably  a 
shrimp-like  crustacean,  as  suggested  by  Professor  Harkness,  and  analo- 
gous to  the  Hymenocaris  (Salter)  of  the  Lingula  flags,  of  which  a  sketch 
is  given  (p.  45).  The  curious  impressions  above  figured  are  not  at  all 
unlike  those  far  larger  prints  which  Prof.  Owen  has  so  well  described, 
and  which  were  found  by  Sir  "W.  E.  Logan  in  the  Potsdam  sandstone  of 
Canada  (Quart.  Geol.  Joum.  vol.  viii.  p.  214).  In  this  case,  however, 
it  would  appear  that  a  single  pair  of  legs  successively  produced  the  im- 
prints (not  four  or  five  or  more,  as  in  the  Canadian  tracks)  ;  and  they 
are  most  likely  to  have  been  made  by  an  animal  swimming  with  difficulty 
in  very  shallow  water,  such  as  Prof.  Harkness  proves  to  have  been  the 
condition  of  the  locality  from  physical  evidence  (Quart.  G^eol.  Jouhl 
vol.  xii.  p.  243).  The  reader  will  find  in  the  fifteenth  chapter,  which 
treats  of  the  Continental  rocks  of  Silurian  age,  that  the  lowest  fossili- 
ferous  rocks  of  the  Thuringerwald  contain  the  Protovirgularia  asso- 
ciated with  Nereites. 

Although  the  axial  dome,  a,  of  purple  rocks,  for  the  most  part  arena- 
ceous, throws  off  schists  to  the  south  as  weU  as  to  the  north,  and  that 
on  both  sides  anthracite  and  traces  of  graptolites  have  been  found  in  the 
beds  marked  ft\  the  Silurian  rocks  are  soon  lost  in  the  former  direction 
under  the  red  sandstone  (Permian)  north  of  the  Solway  Prith,  or  the 
Old  Bed  and  Carboniferous  formations  or  porphyries  of  the  Cheviot 
Hills.  To  the  north  of  the  axis  of  the  Teviot,  a  long  ascending  sec- 
tion is  presented  to  the  observer,  though  it  must  be  presumed  that 
there  are  many  flexures  which  are  not  marked  in  the  diagram.  In  this 
direction,  the  schists  and  greywacke,  h\  which  are  in  parts  alum-slates 
(Etterick),  may  represent  in  time,  as  suggested  by  Professor  Nicol,  the 
schists  of  North  Wales  with  LingulaB,  though  as  yet  the  Scotch  strata 
have  afforded  no  such  fossils.    These  are  surmounted  by  other  schists, 
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here  and  there  containmg  thin  Iftminm  of  anthracite,  M,  which  formerly 
gave  rise  to  the  notion  of  coal  being  Bubordinate  to  these  rocks.  It  has 
been  surmiBed  that  this  anthracite  resulted  from  the  carbonization  of 
sea-weeds,  or  possibly  of  graptolites  and  annelides ;  but  the  discovery 
by  Nicol  of  some  imperfect  reed-like  plants  in  the  rock,  with  a  minute 
yascular  or  tubular  structure  in  the  burnt  residue  of  the  anthracite, 
has  led  to  the  suggestion  that  some  sort  of  grassy  vegetation  existed 
on  the  adjacent  lands  during  this  ancient  period. 

The  anthradtic  schists,  M,  contain  a  few  phyllopod  crustaoeaty  find 
many  coiled  annelides  or  sea-worms ;  they  form  the  base  of  a  vast  thick- 
ness of  graptolite  schists,  which,  after  a  synclinal  flexure  in  the  Yarrow 
Hills,  show  another  anticlinal  in  the  valley  of  the  Tweed,  b^.  Whilst 
the  Thomielee  slates,  with  their  graptolites  and  annelides  (Nereites, 
Crossopodia),  &c.y  are  inclined  southward,  the  Grieston  slates,  on  the 
north  bank  of  the  anticlinal,  plunge  to  the  north,  and  then,  for  the  first 
time  in  ascending  order,  we  find  trilobites  in  addition  to  the  graptolites 
and  annelides. 

Associated  with  felspar  porphyries  (the  whole  representing  the  trap- 
pean  and  gn^tolitic  group  of  North  and  South  Wales)  these  rocks  rise 
into  mountains  2200  feet  above  the  sea,  and  from  them  the  sources  of 
the  Clyde,  as  well  as  of  the  Tweed,  take  their  rise.  Thence  the  northern 
dip  being  continued,  the  whole  of  the  preceding  masses  are  seen  to  be 
overlaid  by  the  Wrae  limestone  of  Peebles-shire,  ^,  which,  fi^m  its 
organic  remains — ^trQobites  and  shells,  has  been  paralleled  with  the 
Uandeilo  limestone  {. 

All  the  associated  schists  and  other  strata  were,  therefore,  termed 
Silurian  by  Professor  Nicol  (1846) ;  the  more  so  as  the  fossiliferous 
limestone  reposed  on  schists  containing  graptolites.  In  pursuing  this 
traverse  northwards,  other  overlying  schists  and  slaty  rocks  are  seen 
to  overlie  the  Llandeilo  P  limestone  of  Wrae,  though  these  are  soon  lost 
under  and  covered  over  by  the  Old  Eed  Sandstone,  f,  and  the  Carboni- 
ferous formation  of  the  Lothians,  y.  Beneath  those  deposits,  fy  y,  we 
know  not  what  flexures  may  occur  in  the  subjacent  or  older  rocks  of 
the  great  intervening  trough ;  but  on  reaching  the  Pentland  HiUs,  hard 
schistose  strata  are  again  met  with,  nearly  parallel  to  those  we  have  left, 
and,  like  them,  inclined  to  the  N.N.W.  at  high  angles.  Under  these 
circumstances  only,  it  would  be  difficult  to  assign  to  the  constituent  strata 

t  Quart.  Jonrn.  Geol.  See.  toL  viii.  rums;  Orthocems  arcuotiratum.  Hall ; 

p.  391.    A  laraer  species  has  nnce  been  Orthis  calliaramma,  Dalman;  O.bifo- 

foimd  by  Pressor  Harkness.  rata,  SchlotDeim ;  Strophomena  (Lep- 

X  Among  the  fossib  of  the  Wrae  tsena)  tenuistriata,  Sil.  Syst. ;  Salter,  m 

limestone  foand  by  Professor  Nicol  are  Quai-t.  Joum.  Geol.  Soc.  Lond.  vol.  iv. 

tbe  lUsnus  Bowmanni,  Salter ;  Harpes  p.  205,  and   Professor  M'Coy  in  the 

parvulus,   M'Coy;   Asapbus  tyrannus,  '  Brit.   Pal.   Foss.   Geol.    Mus.   Cam- 

Sil.  Syat.?;  a  species  of  Fhacops;  Chei-  bridge,'  pp.  248,  374,  &c. 
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of  the  Fentland  Hills  any  very  definite  place  in  the  Silurian  eeries. 
Penetrated  aa  thej  are  by  igneous  matter,  and  often  in  an  altered  con- 
dition, these  strata,  c,  have,  however,  afforded  some  casts  of  orthocera- 
tites,  one  of  which,  found  by  Mr.  G.  Maclaren,  most  resembles  a  Wen- 
lock  species.  More  recently,  Mr.  Geikie  of  the  Geological  Survey  has 
detected  the  Bhynchonella  compressa,  also  of  Wenlock  age.  With 
these  facts  and  the  apparent  order  of  superposition,  we  may  infer,  that 
the  strata  of  the  Pentland  Hills  are  Upper  Silurian,  of  age  interme- 
diate between  the  older  rocks  to  the  south  and  the  uppermost  Silurian 
of  Lanarkshire,  which  will  presently  be  spoken  of. 

A  second  traverse  of  the  chain  near  the  eastern  coast,  or  towards  the 
sea-board  of  the  Lanmiermuir  Hills,  exposes  the  lower  members  of  the 
series  just  described.  There  the  Teviotdale  anticlinal  axis,  a,  is  nuirked 
by  the  course  of  the  Lower  Tweed.  The  purple  schist  seen  to  the  north 
of  Berwick,  the  outlines  of  which  have  been  sketched  (p.  166),  appears, 
therefore,  to  belong  to  the  same  bottom  rocks  of  the  series.  Further 
northwards,  higher  beds,  the  equivalents  of  the  Peebles-shire  groups, 
occur,  and  in  these,  on  the  Dye  near  Byredeugh,  Mr.  Stevenson  of 
Dunse*  has  found  a  graptolite,  an  obscure  coralline,  and  slates  with 
anneUde  impressions.  As  these  beds  lie  in  the  line  of  strike  of  the 
Grieston  and  Thomielee  slates,  they  probably  coincide  with  them  in  age. 
The  predominating  dip  of  the  strata  is  to  the  north-west,  showing  a 
general  ascending  section,  notwithstanding  the  numerous  convolutions, 
which  are  beautifully  seen  on  the  coast,  as  already  adverted  to. 

A  third  traverse  of  the  South  Scottish  hills,  made  along  the  line 
of  the  Caledonian  railroadti  exhibits  the  same  general  features,  and 
many  of  the  same  details,  as  the  preceding  parallel  sections.  The  Dum- 
fries axis  of  the  older  and  unfossiliferous  greywacke,  as  before  stated, 
throws  off  anthracitic  and  graptolitic  schists  to  the  south  to  Lockerby, 
and  to  MoffEkt  to  the  north.  The  details  of  these  must  be  sought  for  in 
the  memoirs  of  Professor  Harkness,  who  has  shown  to  what  a  great 
extent  some  of  the  schists  are  charged  with  graptolites.  Among  them 
may  be  cited  the  wide-spread  forms  of  the  Llandeilo  flags — ^Diplograp- 
8U8  pristis,  D.  folium,  D.  teretiusculus,  and  Graptolites  Sagittarius — ^all 
found  in  the  older  rocks  of  Sweden ;  Graptolites  lobiferus,  a  Bohemian 
fossil,  with  other  species  found  in  Lower  Silurian  strata  elsewhere  in 
the  British  Isles,  or  peculiar  to  these  deposits.  About  twenty  species 
have  already  been  enumerated  from  this  district  alone];.  (See  Foss.  11. 
p.  64.) 

*  See  Proc.  Geol.  Soc.  Lend.  vol.  iv.  f  Prof.  Nicol  and  m3r8elf  examined 

pp.  29  and  79 ;  and  Quart.  Joum.  Geol.  this  section  together  in  1 050,  See  Quart. 

Soc.  Lend.  vol.  vi.  p.  418.    I  long  ago  Joum.  Geol.  Soc.  vol.  vii.  p.  1.37. 

examined    the   purole    greywacke    or  %  See  Harkness,  Quart.  Joum.  Geol. 

bottom  rock,  near  Dunse,  m  company  Soc.  vol.  vii.  p.  48;  M'Coy,  Paleozoic 

with  Mr.  WUliam  Stevenson.  Fossils,  Cambridge  Museum. 
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Ail  these  rockSy  anthncitic  and  aluminiferouB,  which  are  charged  with 
graptolites  and  annelides,  dip  northwards  from  Moffat  to  AbingtoDy  and 
tiius  pass  under  other  masses  visible  in  this  direction.  The  latter,  which 
occupy  the  tracts  of  the  Lead  HiUs  and  other  lofty  summits,  are  metal« 
tiferous  schists,  in  parts  much  altered,  and  penetrated  by  felspar  por* 
phyries  with  other  igneous  rocks.  They  were  celebrated  for  yielding 
gold  ore  in  the  reigns  of  the  Fourth  and  the  Fifth  James  of  Scotland. 
Associated  with,  or  rather  orerlying  them,  is  a  rude  breccia,  partly  cal* 
careouB,  which  may  possibly  represent  the  Wrae  limestone  of  the  dia- 
gram at  p.  167.  But,  further  northward,  other  and  still  thicker  strata 
of  Silurian  age  are  visible,  which  are  oyerlaid  by  the  Old  Bed  Sandstone 
and  coal-fields  of  Lanarkshire.  Though  satisfiMstory  in  exhibiting  a 
good  ascending  series  from  an  unfossiliferous  base  of  the  sedimentary 
series,  I  consider  this  section  less  perfect  in  carrying  out  the  order 
to  beds  on  or  above  the  horizon  of  the  Llandeilo  limestone,  than  that 
which  is  before  figured  (p.  167). 

The  fourth,  or  west  coast  traverse,  horn  Luce  Bay  across  Wigton- 
shire  and  part  of  Ayr,  does  not  develope  the  order  of  the  lowest  masses, 
but  adds  much  to  our  acquaintance  with  the  more  fossiliferous  strata  of 
the  system,  in  exhibiting  beds  more  copiously  charged  with  fossils  than 
any  other  Silurian  rocks  in  Scotland*. 

So  contorted  and  fractured  are  the  strata  of  the  southern  part  of 
the  series,  that  it  is  indeed  no  easy  matter  to  place  them  in  their  exact 
relative  places ;  even  after  much  labour  bestowed  on  the  coast  sections 
of  his  native  county  by  my  friend  Mr.  John  Carrick  Moore.  The  black 
glossy  slates  of  Cairn  Byan,  and  certain  red  schists,  might  lead  us,  from 
analogy,  and  from  their  containing  the  same  species  of  graptolites,  to 
suppose  that  they  represented  the  older  portion  of  the  previous  sections 
which  lie  above  the  Longmynd  or  bottom  rocks.  On  the  other  hand, 
they  are  associated  with  a  coarse  conglomerate,  containing  pebbles  of 
granite  and  porphyry,  with  here  and  there  blocks  two  feet  in  diameter ; 
and  this  conglomerate  so  resembles  a  rock  of  the  Ayrshire  district  about 
to  be  described,  which  clearly  dips  under  certain  fossiliferous  schists 
(Kennedy's  Pass),  that  the  pebble-beds  of  Wigton  and  Ayr  may  be 
eventually  placed  on  the  same  parallel.  Along  the  coast,  however,  from 
Correrie  Bum  to  the  Stinchar  Biver,  they  are  separated  by  so  much  in- 
trusive rock,  that  it  becomes  impossible,  without  long  and  continuous 
labour,  accurately  to  coordinate  the  disrupted  masses. 

With  the  northern  portion  of  this  section  I  am  best  acquainted,  and 
to  it  I  now  call  attention.    From  the  mouth  of  the  Stinchar  to  Ken- 

*  Accompanied  by  Professor  Nicol,  every  locality  with  great  assiduity.    See 

I  examined  this  tract  in  1850.     Our  details  in  my  Memoir  on  the  Silurian 

fossil  collector  was  the  late  Alexander  rocks  of  the  South  of  Scotland,  Quart. 

M'Callum,  of  Girvan,  who  searched  Joum.  Geol.  See.  vol.  vii.  p.  137. 
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nedy's  Pass,  south  of  Giryan,  the  eruptions  of  porphyry,  greenstone, 
and  syenite  are,  indeed,  on  a  grand  scale  (Knockdolian,  Bennan  Head, 
&c.).  Owing  to  these  great  extrusions  from  beneath,  the  Silurian  strata, 
accompanied  by  much  serpentine  and  some  metamorphosed  schists, 
have  there  been  thrown  into  at  least  three  flexures  in  the  distance  of 
a  few  miles,  on  each  of  the  axes  of  which,  or  on  the  Stinchar,  Assell, 
and  Giryan  rivers,  limestones  of  the  Lower  Silurian  age  are  brought  to 
the  surface.  These  schists  and  limestones  are  overlaid  in  the  con- 
tiguous troughs  by  other  rocks,  one  portion  of  which,  consisting  of 
coarse  conglomerates,  and  another  of  shelly  sandstone,  represent  parts 
of  the  Caradoc  or  Bala  rocks ;  whilst  certain  sandy  and  calcareous  flag* 
stones  seem,  by  their  fossils,  to  be  equivalents  of  the  Llandovery  rocks 
and  to  indicate  a  passage  into  the  lower  member  of  the  Upper  Silurian. 

Beferring  for  details  to  the  memoir  above  cited,  I  will  here  very  briefly 
describe  some  of  the  salient  features  of  these  Ayrshire  deposits.  The 
limestones  on  the  Stinchar  and  the  Girvan  rivers  contain  the  following 
fossils : — Orthis  calligramma,  Dalm. ;  O.  confinis,  Salter ;  LeptsBua  se- 
ricea  and  L.  quinquecostata ;  Cheirurus  gelasinosus,  Portl.,  with  spe- 
cies of  Blffinus  and  Asaphus ;  Fleurorhynchus  dipterus.  Salt.;  and  conJs 
of  the  genera  Heliolites,  Favosites,  Omphyma^  Strephodes,  &c. 

Most  of  the  above  species  are  Caradoc  iypes ;  and  with  them  is  also  found 
a  species  of  the  genus  Maclurea*  of  Hall,  which  is  peculiar  to  the  Chazy 
limestone,  one  of  the  marked  Lower  Silurian  deposits  of  North  America. 

These  limestones,  usually  of  dark  grey  colours,  are  associated  with 
schists  containing  orthoceratites  and  graptolites,  and  then  overlaid  by 
fine,  micaceous,  dark  grey  shelly  sandstones,  and  separated  by  thin 
courses  of  shale,  in  which  many  fossiJs  occur,  particularly  in  the  Mul- 
loch  Hill,  on  the  right  bank,  and  in  the  Saugh  Hill,  on  the  left  bank 
of  the  Girvan  Water. 

Among  the  fossilB  are, — ^Pentamenu  oblongua ;  a  variety  of  Atiypa  henuBpluBrica^ 
SiL  Syst. ;  Oiihia  rerersa,  Salt,  i  O.  biforata,  Sohloih. ;  O.  elegantula  (canallB,  SiL 
Syst.);  Bliynohoiiella  angustifrons,  M*Coy;  Strophomena  peoton,  Dalm.;  Bellero- 
{>hon  dilatatuB,  SiL  Syst. ;  Murchisoxua  canoellatula,  M'Ck>y,  a  beautiful  fossil ;  M. 
simplex,  a  Welsh  species;  Trochus  Moorei,  M'Cov;  together  with  the  well-known 
Silurian  oorals,  Heliolites  (Pontes)  interstinctus  and  H.  tubulatus ;  Petraia  subdupli- 
oata ;  Favosites  alveolaris ;  Ptilodictya  (Stictopora,  Hall)  acuta,  Hall,  or  P.  oosteUata. 

Most  of  these  species  occur  in  the  Llandovery  rocks,  and  particularly 
the  Fentamerus  oblongus  and  Atrypa  hemisphsBrica,  which  are  the  most 
abundant  of  the  shells.  There  is  also  the  Bhynchonella  (or  Hemithy- 
ris)  angusti£rons  of  M'Coy,  a  species  before  mentioned  (p.  97)  as  oc- 
curring in  the  Lower  Llandovery  rocks  of  Wales.  Again,  among  the 
trilobites,  we  have  here  the  Lichas  laxatus,  common  in  the  limestone  at 

*  This  specicA,  which,  though  differ-  by  Professor  M'Coy,  who  has  described 
ing  in  some  particulars,  closely  resembles  for  Professor  Sedgwick  the  fossils  ool- 
the  M.  magna.  Hall,  has  been  so  named     lected  in  this  tract  by  Mr.  John  Ruthven. 
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Bala  in  North  Wales,  and,  in  the  veiy  same  matrix,  the  Calymene  Blu- 
menbachii.  Now,  although  the  last-mentioned  crustacean  has  been  found 
throughout  nearly  the  whole  system  elsewhere,  it  is  by  &r  more  common 
in  the  Upper  than  in  the  Lower  Silurian.  Besides,  it  is  here  associated 
with  the  Fhacops  Stokesi  and  Encrinurus  punctatus,  both  of  them  fossils 
of  the  Llandoyery  rocks,  and  abundant  in  the  Wenlock  formation.  So 
that  in  Scotland,  as  in  England  and  Wales,  and  particularly  as  we  ascend 
in  the  series,  we  meet  with  rocks  in  which  the  upper  and  lower  types 
are  mixed  together. 

It  should  be  remarked,  that  in  the  sandstones  of  Saugh  Hill,  wherein 
the  Atrypa  hemisphsdrica  abounds,  we  have,  for  the  first  time  in  the 
Scottish  ascending  series,  Fentamerus  oblongus*,  Petraia  elongata,  and 
Tentaculites  omatus,  which  fossils,  though  occasionally  found  in  lower 
strata,  are  peculiarly  abundant  in  the  upper  portion  of  the  Llandoyeiy 
rocks  of  Siluria.  The  Mulloch  Hill  strata  •fix>m  their  contents  would 
rather  appear  to  be  referable  to  their  lower  division.  In  Scandinavia 
and  North  America,  as  in  England,  these  fossils  occupy  an  intermediate 
position  between  Lower  and  Upper  Silurian. 

Although  the  moory,  mossy,  and  covered  nature  of  the  hilly  grounds, 
intervening  between  the  upoAsts  of  the  lower  limestone  and  the  shelly 
greywacke  which  they  throw  off,  prevents  the  observer  from  making 
dear  sections,  I  am  now  disposed  to  consider  that  Professor  Nicolf  was 
light  in  considering  the  black  and  greenish  schists  of  Girvan  as  per- 
taining essentially  to  the  Lower  Silurian  rocks,  and  as  being  inferior  to 
the  shelly  Pentamerus  sandstone  of  Saugh  Hill.  Professor  Wyville 
Thomson  has  also  arrived  at  the  same  conclusion.  These  schists  con- 
tain a  large  orthoceratite,  which  Professor  M'Coy  has  designated  O. 
politum,  associated  with  Lower  Silurian  graptolites.  Here,  also,  we 
have  the  Orthoceras  angulatum  (virgatum),  an  Upper  Silurian  form. 
On  the  other  hand,  there  is  a  large  species,  not  to  be  distinguished 
from  the  O.  vaginatum,  Scbloth.,  so  common  in  the  Lower  Silurian  of 
Scandinavia  and  Bussia,  and  in  addition  O.  bilineatum,  a  Lower  Silurian 
fossil  of  America. 

The  genus  Cyrtoceras  is  also  found  here ;  and  with  these  cephalopods 
occurs  a  thin,  finely  striated  Orbicula,  the  O.  crassa,  HaU,  resembling 


*  Several  of  the  species,  particularly  neath  as  well  as  to  those  above  it.    In 

the  Atrypa  hemisphaerica  and  Penta-  addition  to  the  Upper  Silurian  fossils 

menu  oblonffus,  occur  in  the  Clinton  mentioned  in  the  text.  Professor  Wyville 

group  whichiorms  the  base  of  the  Upper  Thomson  has  recently  informed  me  that 

SilnnanoftheU/iited  States.  In  Russia,  he  has  detected,  near  Girvan,  the  Bu- 

the  Pentamems  oblongus  also  occurs  in  mastus  Barriensis  of  the  Lower  Wenlock 

limestone,  or  the  lowest  part  of  what  is  in  the  same  beds  with  the  Calymene 

classed  as  Upper  Silurian.    The  stratum  Bliunenbachii. 

in  which  this  lossii  there  occurs,  is,  how-  t  See  Quart.  Joum.  Geol.  Soc.  vol.  vii . 

ever,  quite  conformable  to  the  beds  be-  p.  56. 
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the  O.  striata  of  the  Lndlow  rocks.  There  are,  moreoyer,  both  double 
and  single  graptolites, — ^both  belonging  to  Lower  Silurian  species. 

Whether,  therefore,  I  judge  from  the  clear  proofs  exhibited  on  the 
coast  near  Kennedy's  Pass,  where  these  fossiliferous  schists  repose  upon 
a  great  mass  of  lower  coarse  conglomerate  and  sandstone,  or  from  the 
specific  character  of  many  of  their  imbedded  fossils,  I  now  feel  assured 
that  the  strata  to  the  S.  of  Girvan  are  true  Lower  Silurian ;  whilst  the 
Saugh  Hill  sheUj  sandstones  are  unquestionable  equiyalents  of  the 
Llandoyeiy  rocks.  Certain  rocks  in  the  west  of  Irehmd  will  presently 
be  described  which  present  just  the  same  characters.  On  the  whole 
there  is  no  doubt,  that  the  fossils  of  the  highest  member  of  the  Girvan 
group  indicate  a  passage  into  the  Upper  Silurian. 

Although  this  is  no  place  for  lithological  details,  a  few  words  must 
be  said  of  a  very  striking  conglomerate  which  lies  low  in  the  order 
of  the  strata.  Among  its  rounded  and  waterwom  pebbles,  varying 
in  size  from  musket-buUets  to  blocks  of  two  and  three  feet  in  diameter, 
Professor  Nicol  and  myself  distinguished  upwards  of  twenty  varieties 
of  rock*  They  consist  of  small  spedmens  of  earthy  greywacke,  and 
larger  blocks  of  hard  siliceous  greywacke,  Lydian  stone,  homstone,  fel- 
spar porphyries  of  various  colours,  greenstone,  syenite,  and  granite. 

Such  conglomerates,  which  may  be  indicative  of  the  powerful  and 
long-continued  action  of  waves  on  a  coast,  are,  however,  only  to  be 
viewed  as  local  phenomena^  and  may  therefore  be  looked  for  in  various 
parts  of  this  ancient  series  in  Scotknd ;  just  as  they  have  been  shown 
to  occur  at  various  levels  in  the  Silurian  rocks  of  i^igland  and  Wales. 
They  occasionally  appear,  indeed,  in  the  coarse  grits  of  the  Longmynd 
or  bottom  rocks ;  and  coarse  conglomerates  occur  in  the  same  unfos- 
siliferous  subjacent  greywacke  or  Cambrian  of  Carnarvonshire. 

The  shelly  Silurians  of  Ayrshire  being  covered  towards  the  north  by 
the  Old  Bed  and  Carboniferous  deposits,  there  is  no  evidence  in  that 
tract  of  a  younger  order  of  things  beyond  what  may  be  viewed  as  a 
transition  frx>m  the  Lower  to  the  Upper  Silurian. 

On  the  opposite  side  of  the  South  Scottish  axis,  however,  the  highly 
convoluted  strata  which  form  the  southern  headlands  of  Kirkcudbright 
Bay  (Balmae  Head  and  Little  Boss),  and  the  rocks  on  the  east  side  of 
the  Bay,  are,  judging  from  their  fossil  contents,  of  the  age  of  the  Wen- 
lock  shale.  Hard  and  intractable  as  the  L^leth  slates  of  Cumberland, 
which  have  been  placed  on  the  same  parallel,  and  containing  only  very 
rarely  nodules  slightly  calcareous,  these  argillaceous  and  siliceous  schists 
have  yielded  a  good  many  fossils.  In  them  we  find,  it  is  true,  the  Lower 
S&urian  forms,  such  as  Orthooeras  tenuicinctum  (Chap.  IX.)  and  the 
LeptsBua  sericea,  Sil.  Syst. ;  but  from  the  same  beds  Mr.  Salter  has  cata- 
logued the  following  Upper  Silurian  types,  viz.  Phacops  caudatus,  Bey- 
richiatuberculataP,  Orthoceras  annulatum,  Chonetes  lata  (Leptsna  lata 
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of  the  SiL  Syst.),  BhynchonellA  nacula,  Pteriniea  lineatula,  Grammysia 
(Oithonota)  dngolalA.  With  these  are  associated  other  fossils  which 
pervade  nearly  the  whole  system,  such  as  Atiypa  reticularis,  Haljsites 
catenularius,  G-raptolites  priodon,  and  Bellerophon  trilobatus.  The 
last  fossil,  which  in  England  occurs  in  the  uppermost  Ludlow  rocks, 
is  associated,  in  Ireland,  with  lower  types. 

In  this  way  we  have  no  means  of  defining,  with  greater  precision,  the 
age  of  the  fossil-bearing  promontories  of  Kirkcudbright,  than  by  saying 
that  they  overlie  the  great  mass  of  the  older  Silurians,  and  contain  a 
younger  fiiuna.  They  appear,  in  short,  to  be  more  referable  to  the 
Wenlock  than  to  the  Ludlow  formation.  Through  the  discovery  of  the 
uppermost  Silurian  rocks  in  Lanarkshire  (which  are  about  to  be  men- 
tioned), it  might  rationally  be  surmised,  that  the  time  was,  when  there 
existed  a  large  and  visible  upward  development  of  the  youngest  Silurian 
rocks  also,  on  the  southern  side  of  the  Dumfries  axis,  which  ranged  from 
the  south  of  Scotland  to  meet  the  equivalents  of  the  Wenlock  and 
Ludlow  rocks  of  the  Cumbrian  or  Lake  districts  of  England — all  which 
deposits  are  now  concealed  beneath  the  sea. 

But  on  the  immediate  shore  of  the  Bay  of  Kirkcudbright,  all  such 
links  have  been  omitted ;  for  there  the  lower  part  of  the  Upper  Silurians, 
as  just  described,  is  at  once  unconformably  overlaid  by  strata  of  the 
Carboniferous  era*. 

Upper  Silwrian  Boekt  tn  SdMur^hshire  and  Lanarkshire, — ^In  the 
general  section,  p.  167,  the  overlying  position  of  the  schistose  strata  of 
the  Fentland  Bills  has  been  indicated ;  and  as  the  orthoceratites  dis- 
covered in  them  most  resemble  those  of  the  Wenlock  formation,  and  as 
a  Wenlock  brachiopod,  Bhynchonella  compressa,  has  also  been  found  in 
them,  as  before  stated,  by  Mr.  Gteikie,  there  is  little  doubt  that  those 
schists  are  younger  than  any  of  the  GHrvan  beds  and  are  of  Upper  Silu- 
rian age.  In  the  Fentland  Hills,  however,  there  is  no  further  upward 
succession,  and  the  beds  in  question,  which  are  much  penetrated  by  por- 
phyry, are  truncated  and  unconformably  overlapped  by  Old  Bed  Sand- 
stone and  Carboniferous  rocks.  The  orthoceratite  here  figured,  having 
been  detected  by  my  distinguished  friend  Mr.  Charles  Maclaren,  has  been 

*  The  pheDomenon  of  the  niiooiifi>nii-  the  dykes  of  porphyry  which  protrade, 
able  snpeipontion  of  the  carboniferout  and  has  endeavoured  to  mark  the  line 
strata  (with  mountain  hmestone  fossils,  of  separation  between  the  Lower  and 
&c.)  to  the  Silurian  rocks,  alons  the  Upper  Silurian,  which  on  the  whole  rise 
coast  of  the  parish  of  Kenick,  in  l^irk-  up  to  the  N.N.W.,  their  upper  beds 
cudbiight,  has  been  described  in  detail  being  conglomerates  and  coarse  sand- 
by  Mr.  Harkness,  in  a  memoir  read  be-  stones.  Professor  Nicol  and  myself 
fore  the  Geological  Society,  April  1863.  examined  Balmae  Head  in  1851.  Mr. 
This  author  explains  by  sections  the  ex-  Stevenson  described  the  nodular  shale 
treme  curvatures  oi  all  the  rocks  which  of  Little  Ross  Head,  £d.  N.  Phil.  Joum. 
he  considers  to  be  Upper  Silurian,  and  vol.  xxxv.  The  organic  remains  abore 
parts  of  which  he  shows  to  have  been  alluded  to  were  collected  by  the  Earl  of 
shore  deposits.    He  further  indicates  Selkirk  and  Mr.  Fleming. 
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named  O.  Maclareni.  It  formed  part  of  the  collection  of  the  deeply 
lamented,  eminent  geologist,  Hugh  Miller,  who  lent  it  to  me  for  publi- 
cation. 

FOBBELB  (24). 


OrthooeraB  Maolarani,  a     i!P»|i^|  r n    \\  1  -  '     \      Found  in  the  Wenlock  f 
new  species,  Will  111 H u  ll il  \  A  \ii il^  '1    ^^"^  ^^  ^^  Pentland  Hills. 


Unacquainted  with  any  of  the  intermediate  strata  which  may  be  found 
when  these  Upper  Silurian  rocks  shall  be  traced  fipom  Edinburghshire 
on  the  E.N.E.  to  Lanarkshire  on  the  W.S.W.,  I  have  satisfied  myself 
that  in  the  latter  county,  to  the  west  of  Lesmahago,  there  is  an  ascend- 
ing passage  upwards  from  clay-slates  with  calcareous  nodules  and  a  rare 
orthoceratite,  into  black  schists  with  large  crustaceans,  which  manifestly 
stand  in  the  place  of  the  uppermost  course  of  the  Ludlow  rocks  of 
Shropshire.  This  important  fact  was  discovered  by  Mr.  Bobert  Slimon 
of  Lesmahago,  who  has  thus  opened  out  the  newest  page  in  the  Silurian 
series  of  Scotland. 

The  relations  of  these  dark  grey  schists  to  the  inferior  rocks  as  well 
as  to  the  overlying  Old  Bed  Sandstone  are  seen  on  the  banks  of  the 
Nethan  Biver  and  other  tributaries  of  the  Clyde,  particularly  the  Logan 
Water,  on  each  of  which  the  junction  between  the  grey  Silurian  and  the 
Old  Bed  rocks  is  well  exhibited.  The  Silurian  beds  rise  up  into  several 
lulls  of  considerable  altitude,  one  of  which,  Nutberry,  is  1715  feet  above 
the  sea. 

The  accompanying  diagram  will  fully  explain  the  relations  of  these 
Upper  Silurian  rocks  to  the  overlying  masses  of  old  red  sandstone  and 
carboniferous  rocks.  It  was  in  the  beds,  a,  that  Mr.  Slimon  of  Lesma- 
hago detected  the  remarkable  crustaceans  which  I  acquired  from  him, 
and  which,  being  deposited  in  the  Museum  of  Practical  Geology,  were 
first  partially  described  by  Mr.  Huxley  and  Mr.  Salter  in  the  Journal  of 
the  Geological  Society,  as  the  sequel  to  the  memoir  wheiein  the  geo- 
logical relations  of  the  tract  were  explained  by  myself*. 

Basing  out  from  beneath  the  lower  Old  Bed,  upon  the  Logan  Water 
banks,  these  dark  grey  beds  occupy  precisely  the  same  horizon  as  that 
uppermost  zone  of  the  Silurian  rocks  of  Shropshire  and  Herefordshire 
which  includes  the  bone-bed  and  the  Downton  Castle  building-stone, 
and  to  which,  where  it  graduates  up  into  the  Old  Bed,  the  name  of 

*  Professor  Ramsavand  myself  visited  section,  and  (published  it  in  a  short  me- 

the  loealities  near  Lesmahago  accom-  moir  descriptive  of  the  general  relations 

panied  bv  Mr.  Robert  Slimon,  and  I  of  the  deposits  in  this  tract    Quart, 

afterwardb  prepared  the  accompanying  Joum.  G«m>1.  Soc.  vol.  xii.  p.  17. 
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'tile-stones*  has  been  given,  as  before 
explained.  We  have  even  the  charac- 
teristic shells  of  the  zone,  the  Trochus 
helicites  and  Lingula  cornea. 

The  large  crustaceans  which  chieflj 
characterize  the  dark  day-slate,  5, 
were  at  first  supposed  to  belong  to 
a  new  genus  of  the  family  of  Eu- 
rypteridiB,  and  were  by  Mr.  Salter 
termed  Himantopterus.  By  carefully 
collating,  however,  all  their  parts,  he 
has  satisfied  himself  that  they  belong 
to  those  Fteiygoti  which  occur,  as 
we  have  seen,  at  intervals  throughout 
the  Upper  Silurian  rocks,  and  are 
strikingly  prevalent  in  their  upper- 
most beds.  In  the  annexed  wood- 
cut (p.  178)  are  represented  the  prin- 
a  *?  ^^E^-'  *    w  '8    S         ^P*^  species  discovered  in  Lanark- 

~        "  ^         sldre,  and,  with  one  doubtful  excep- 

tion (fig.  7),  they  are  aU  distinct  from 
any  of  the  forms  known  on  the  same 
horizon  in  England. 

The  near  alliance  of  these  large 

Crustacea  with  some  of  the  minuter 

recent  forms  has  been  fiilly  explained 

by  Mr.  Huxley  in  the  memoir  above 

^  9         M/^/A       :'^  '  '  '  '■      quoted,  and  will  be  again  touched 

S  ^       mrf//'       •  a  £  i  :         ^P^'^  ^  *^®  chapter  on  Organic  Be- 

mains.    The  number  of  species  must 

have  been  very  great ;  not  less  than 

nine  or  ten  being  known  in  Britain. 

B  ^W  S^l       ■•!  ^  ^  -J*         With  them  are  associated,  not  only 

P  ///  i  1  /C'  •   ca  P  r-       :  ®      ijj  Lanarkshire,  but  in  Shropshire  and 

Westmoreland,    other   very   curious 

shrimp-like  animals — ^possibly  of  the 

same  group  of  Crustacea  as  the  above 

S  ^/  /I     -M   —  S  ^  J      mentioned.    They  have  been  called 

I  wTTz/I'  jll-^ll      Oeratiocaris  by   Prof.  M'Coy;  and 

the  fine  specimens  collected  in  the 
south  of  Scotland  and  other  localities, 
have  clearly  shown  that  to  this  genus 
must  also  be  referred  those  singular  spine-like  prongs  which  the  same 
author  described  under  the  name  of  Leptocheles.     A  figure  of  the 
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genus,  as  restored,  was  given  in  the  Quart.  Gteol,  Joum.  for  1B56,  vol,  xii. 
p.  33,  and  the  fossil  will  be  figured  in  Chap.  X.* 

The  reader  who  refers  back  to  the  figure  of  Hymenocaris  vermicauda 
of  the  Lingula  flags,  will  see  that  animals  of  the  same  general  form 
were  in  existence  in  the  earliest  time  of  the  Silurian  epoch. 


Fossils  (25).    Cbustacea  of  the  itffbbmost  Ludlow  Bocks,  Lakabebhibb. 


1.  Fterygotus  (Himantopteros)  bilobus,  half  the  natural  size.  2.  Portion  of  a  body- 
joint,  to  show  the  peculiar  sculpture.  8.  Swimming-foot,  natural  size,  but  with  the 
great  basal  joint  incomplete.  Fig.  4  shows  a  pair  of  these  great  foliaoeous  joints,  with 
their  inner  serrate  edges  (the  true  mandibles  are  only  indiciSed  by  their  palpi  in  dotted 
lines,  fig.  1). 

5.  Head  (reduced  to  one-half)  of  the  P.  maTimus,  Salter.  6.  Tail  (reduced  to  one- 
fourth)  of  P.  aouminatus,  probably  the  same  species  as  the  last.  7.  Tail  and  a  few 
body-joints  of  P.  lanceolatus.    8.  Lingula  cornea,  SiL  Syst.    9.  Trochus  helicites,  id. 

Large  crustaceans  of  the  group  of  Eurypteridaet  (Burmeister),  to 
which  the  Fterygotus  belongs,  have  also  been  found  in  the  tilestones  of 
Westmoreland,  and  in  these  localities  they  are  accompanied,  as  in  Scot- 
land, and  at  Ludlow,  Kington,  &c.,  by  the  small  Lingula  cornea. 

In  Southern  Bussia  (Podolia)  similar  large  crustaceans  analogous  to 


*  See  Pal.  Foaa.  "Woodw.  Mus.  PI.  I E. 
fig*  7 ;  Quart.  Joum.  Geol.  See.  vol.  ix. 
p.  13 ;  and '  Siluria,'  p.  236,  £Dr  a  proof 
of  Prof.   M'Coy's  acumen  in  distin- 


guishing some  of  these  crustaceana  from 
the  defences  of  fish. 

t  See  Paleoz.  Fossils,  Woodwardian 
Museum,  Fasc.  1. 


Digitized  by  VjOOQIC 


Chap.  Vm.]  ALTERED  SILITBIAN  BOCKS.  179 

Pteiygoti,  were  found  in  strata  lying  beneath  rocks  which  are  known  to 
be  of  Devonian  age,  and  to  one  of  these  Dr.  Fischer  gave  the  name  of 
Enrypterus  tetragonophthabnus.  Becentlj  M.  Eichwald*  has  detected 
seyeral  species,  one  of  which  he  figures  as  Eurypterus  remipes,  Dekay, 
in  the  Isle  of  Oesel  in  the  Baltic, — i,  0.  in  a  limestone  which  my  col- 
leagues and  myself  referred  to  the  highest  Silurian  stage,  and  which 
Professor  Schmidt  of  Dorpat  has  shown  by  many  of  its  fbssils  to  be  an 
exact  equivalent  of  the  I^pper  Ludlow  rockf*  In  the  North,  therefore, 
as  in  the  South  of  Bussia,  the  zone  under  consideration,  when  clearly 
exposed,  is  everjrwhere  characterized  by  large  and  peculiar  Crustacea, 
no  one  of  which  has  ever  been  found  in  the  Lower  Silurian  rocks. 

In  North  America  it  has  been  long  known,  from  the  writings  of  Dekay 
and  Harlan,  that  large  Eurypteri  occur  in  a  so-called  black  greywacke 
slate  at  Westmoreland  in  Chieida  County,  New  York,  which  will  pro- 
bably be  found  to  be  on  the  parallel  of  the  Upper  Ludlow  rock.  And 
even  in  Canada,  as  we  learn  from  the  collections  of  Sir  W.  E.  Logan, 
species  of  Eurypterus  or  Fterygotus  occur.  The  discovery  of  the  large 
EurypteridsB  in  the  same  geologteal  zone  in  other  distant  regions  is 
therefore  peculiarly  satisfactory. 

Wherever  these  large  crustaceans  are  found,  and  with  them  small 
Lingulie  and  spiral  shells,  we  may  be  sure  that  we  are  at  or  near  the 
very  summit  of  all  rocks  to  which  the  term  Silurian  can  be  applied,  and 
that  the  next  overlying  stratum  belongs  to  the  first  great  era  of  fishes, 
the  Devonian  or  Old  Bed  Sandstone ;  for  the  thin  transition-band  now 
under  consideration  still  remains  what  I  stated  it  to  be  twenty-one  years 
ago,  the  lowest  in  which  true  vertebrated  animals  have  been  observed. 
As  yet,  not  even  a  trace  of  such  fishes  has  been  detected  in  Scotland 
in  the  uppermost  zone  of  the  Silurian  rocks. 

Altered  ScottUh  Silurians, — ^In  the  above  brief  sketch  of  the  older 
strata  of  the  south  of  Scotland,  I  have  made  few  aUusions  to  the  igneous 
rocks  which  have  been  intruded  among  the  Silurians.  In  numberless 
cases,  whether  around  the  granite  of  Crifiel  and  Caimsmuir,  or  the  por- 
phyiy  of  Tongueland  immediately  to  the  north  of  Kirkcudbright,  the 
schists  which  are  in  contact  with  such  eruptive  masses  are  so  highly 
metamorphosed,  that  no  one  who  looks  at  the  efiects  can  doubt  as  to 
their  cause. 

The  view  of  much  more  extended  metamorphism  (due  to  a  much  grander 
cause)  was  indeed  suggested  by  me  in  1851{.  I  then  endeavoured 
to  show,  that  certain  bands  of  clay-slate,  and  of  chloritic  and  micaceous 
schist  forming  the  southern  zone  of  the  Highlands,  with  their  inter- 
stratified  limestones,  were  probably  nothing  more  than  metamorphosed 

*  Boll.  See.  Imp.  Nat.  Mobcou,  1854,  vol.  xxvii.  p.  100. 
t  Miirchiion  in  Qoart.  Joum.  Geol.  Sec.  vol.  ziii. 
X  See  Quart.  Journ.  Geol.  See.  vol.  vii.  p.  168. 
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Lower  Silurian  rocks,  similar  in  age  to  the  unaltered  strata  of  the  south 
of  Scotland,  and  which,  ranging  parallel  to  them,  come  out  to  the  sur- 
face again  in  broad  undulations,  associated  with  many  granitic  and  other 
eruptive  rocks,  to  the  north  of  the  great  central  Caledonian  trough  of 
Old  Bed  Sandstone  and  the  overlying  coal-fields*. 

One  of  these  great  undulations,  which  occur  in  the  rugged  mountains 
of  the  west  called  Argyll's  Bowling-Ghreen,  exhibits  an  axis  of  mica- 
schist  throwing  off  to  the  north  and  south  great  thicknesses  of  chloritic 
schist  and  altered  sandstone  with  included  and  regularly  stratified  lime- 
stones ;  all  trending  from  W.S.W.  to  E.N.E.,  parallel  to  the  Silurian 
rocks  of  the  south  of  Scotland. 

In  a  subsequent  memoir,  Professor  Nicol  supported  this  idea,  which 
he  had  long  entertained,  by  striking  facts  and  good  reasoning.  De- 
scribing the  geological  structure  of  Cantyre,  and  stating  that  the  sor 
called  mica-slate  of  that  tract  is  only  a  partially  altered  micaceous  sand- 
stone, which  seems  almost  to  pass  upwards  into  the  Old  Bed  Sandstone, 
he  shows  how  all  the  other  crystalline  strata  conform  to  and  bend  round 
the  granitic  nucleus  of  Gbatfell  in  Arran.  In  confirmation  of  the 
probable  identity  of  some  of  the  crystalline  strata  of  the  north  with  the 
Silurian  rocks  of  the  south,  he  mentions  the  illustrative  fact,  that  cal- 
careous matter  prevails  most  extensively  towards  the  western  extremiiy 
of  both  groups  of  rocks.  In  the  South  Scottish  or  Silurian  strata  no  cal- 
careous beds  are  known  at  their  eastern  termination ;  limestone  only 
begins  to  appear  in  feeble  courses  in  Feebles-shire,  near  the  centre  of  the 
chain,  and  becomes  very  abundant  (as  above  described)  in  Ayrshire.  It 
is  the  same  with  the  crystalline  strata  of  the  north.  In  the  coast  section 
from  Stonehaven  to  Aberdeen,  no  calcareous  bands  occur ;  in  Forfarshire 
and  Perthshire  several  are  known ;  they  become  still  more  abundant  in 
the  north  of  Argyleshire ;  and  in  Cantyre  (as  in  Ayr)  we  have  a  great 
group  of  limestone  rocks  t- 

The  probability  of  the  metamorphosis  of  the  lower  paleozoic  de- 
posits into  those  stratified  crystalline  rocks  which  occupy  so  large 
a  portion  of  the  Highlands  of  Scotland^  has,  since  the  publication 
of  the  first  edition  of  this  work,  been  reduced  to  a  certainty  as 
respects  the  north-western  part  of  Sutherlandshire,  by  a  discovery 
of  Mr.  C.  Peach.  That  keen-eyed  collector,  though  residing  at 
Wick,  had,  in  a  rapid  excursion  to  Durness,  detected  there  certun 
fossil  shells  in  the  crystalline  limestone,  which  in  that  region  is  sub- 
ordinate to  quartz  rock.  Now,  according  to  Sedgwick,  myself,  and 
other  geologists,  including  M'Culloch  X,  these  quartz  rocks  and  lime- 

*  Quart.  Jottm.  Qeol.  Sec.  vol.  vii.  p.  160.  f  lb.  p.  23. 

X  See  Sedgwick  and  Murchison,  Trans.  Geol.  See.  n.  t.  vol.  iii.  p.  125. 
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stones^  associated  with  and  passing  under  micaceons  and  gneissose 
schists^  and  resting  upon  ancient  gneiss^  are  overlaid  on  the  east 
coast  by  the  whole  series  of  the  Old  Red  Sandstone^  which  is  made 
np  of  the  materials  of  such  pre-existing  crystalline  rocks :  these  will 
be  treated  of  hereafter. 

Judging  then  from  their  relative  geological  posiidon,  of  whieh^ 
after  an  interval  of  twenty-eight  years^  I  reassured  myself  by  a 
visit  during  the  summer  of  1855, 1  had  little  hesitation  in  sug-> 
gesting  that  these  rocks  were  of  Lower  Silurian  age*.  In  them, 
my  companion  Professor  Nicol  and  myself  detected  an  ortho- 
ceratite,  but  too  imperfect  to  be  referred  to  any  known  species. 
The  whorled  shell  first  discovered  by  Mr.  Peach,  many  polished 
sections  of  which  were  examined,  threw  indeed  little  light  upon 
the  subject ;  but  specimens  which  the  same  zealous  and  unrivalled 
collector  has  subsequently  detected  in  these  rocks,  and  has  sent  to 
me  whilst  these  pages  are  passing  through  the  press,  establish  the 
correctness  of  my  view. 

"The  fossils  recently  sent  by  Mr.  C.  Peach"  (says  Mr.  Salter,  to 
whom  I  referred  them)  "  leave  no  doubt  of  the  age  of  the  beds  in  which 
they  occur.  The  prevailing  species  must  be  particularly  interesting  to 
Canadiau  geologists,  as  it  is  a  fossil  which  occurs  in  the  *  Calciferous 
Sand-rock'  of  Beauhamais,  and  which,  though  imdescribed,  has  received 
the  MS.  name  of  Ophileta  compacta.  The  genus  is  doubtful,  and  may 
prove  to  he  a  subgenus  only  of  the  Baphistoma  of  Hall,  consisting  of 
species  which  have  a  wide  umbilicus,  bounded  by  a  veiy  prominent  ridge, 
and  straight-sided  whorls. 

"  This  species,  as  seen  in  Canada,  grew  fiill  an  inch  and  a  half  wide, 
and  had  as  many  as  6  or  7  whorls,  flat  above  and  with  a  sunken  apex, 
and  a  veiy  broad  and  wide  umbilicus ;  so  that  the  centre  of  the  shell  is 
much  attenuated,  and  the  inner  whorls  would  easily  break  out,  as  in 
Mr.  HaU's  figure  of  O.  levata,  Pal.  New  York,  vol.  i.  pi.  8.  f.  4.  The 
whorls  of  that  species  are  much  less  carinate  below,  and  the  umbilicus 
is  not  nearly  so  wide  as  in  the  O.  compacta.  This  last-mentioned  shell 
will  be  fully  figured  and  described  in  a  Decade  of  Canadian  fossils. 

"  It  is  curious  that  the  Euomphalus  ?  (Maclurea  matutina)  which  ac- 
companies the  BeauhamaiB  fossil  in  Canada,  is  found  also  in  the  High- 
land beds ;  and  there  is  also  another  thick-whorled  species. 

"  Again,  a  species  of  Pleurotomaria  known  in  the  Trenton  limestone 
of  America,  the  P.  subconica,  Hall,  comes  so  very  near  to  one  of  the 

*  See  Report  of  BtitMh  Association,  1855,  Glasgow,  Trans,  of  Sections,  p.  85. 
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Durness  shells,  that  it  may  well  be  a  variety  only  of  tliat  species.  The 
Highland  fossil  has  rather  narrower  whorls,  and  a  somewhat  broader 
band.  There  are  species  of  Oncoceras  also — a  genus  charaeteristic  of 
the  Trenton  limestone.'* 

As  the  age  of  these  limestones  and  quartz  rocks  of  the  North 
Highlands,  with  their  associated  mica-schists,  &c.,  has  been  a 
qtuBstio  vexata — the  lamented  Hugh  Miller  having  hypothetically 
Suggested  that  they  might  be  the  representatives  of  the  Old  Red 
Sandstone  and  Caithness  flags  of  the  east  coast,  and  Professor 
Nicoi  having  recently  considered  them  to  be  metamorphosed  car- 
boniferous rocks^, — it  is  satisfactory  to  me  to  find,  that  the  old 
view  of  Professor  Sedgwick  and  myself,  with  respect  to  their  rela- 
tive physical  position,  has  been  sustained  by  the  independent  evi- 
dence of  fossils. 

This  discovery  of  N.  American  Lower  Silurian  fossils  in  the 
northern  extremity  of  Scotland  is  also  of  deep  importance  in  gene- 
ral geological  reasoning ;  for  it  will  be  hereafter  shown,  that  many 
of  the  same  species  of  organic  remains  in  rocks  of  this  age  extend 
throughout  certain  latitudes,  over  areas  very  remote  from  each  other ; 
or,  in  other  words,  that  the  Scandinavian,  British,  and  N.  Americanf 
Silurians  have  the  same  typical  characters. 

Silurian  Rocks  of  Ireland, — Rocks  which,  from  their  included 
organic  remains,  must  be  classed  as  Silurian,  occupy  considerable 
portions  of  Ireland,  whilst  certain  stratified  crystalline  masses  of 
this  kingdom  are  also  probably  (as  in  the  Highlands  of  Scotland) 
of  the  same  age. 

In  a  retrospect  of  the  progressive  steps  in  the  dassificatioii  of 
Irish  paleozoic  rocks,  allusion  is  first  due  to  the  veteran  geologist 
Weaver  J.  The  earliest  publication,  however,  in  which  any  of  the 
fossils  of  very  ancient  date  were  illustrated,  was  the  valuable  de- 
tailed Survey  of  parts  of  the  north  of  Ireland  by  Colonel  Portlock, 
who,  fix)m  a  small  district  of  schistose  greywacke,  near  Pomeroy 

*  Quart.  Jottm.  Geol.  Soc.  ziii.  p.  36.  Mr.  Peach  has  undertaken,  at  my  re- 
t  The  great  Maclurea  of  the  Lower  quest,  a  fresh  and  more  detailed  ex- 
Silurian  rocks  of  Ayrshire  has  been  aminationof  theW.  of  Sutherlandshire, 
identified  by  Prof.  M*Coy  with  the  M.  and  it  is  hoped  that  other  discoveries 
magna.  Hall ;  and  in  Ireland,  one  of  the  may  be  announced  in  the  Appendix. — 
Lower  Silurian  trilohitesis  an  American  July  26,  1857. — R.  I.  M. 
species,  the  Isotelus  gigas,  Dekay.  X  ^^  Trans.  Geol.  Soc.  Lond.  toI.  y. 
Whilst  these  pa^es  are  printing  off,  p.  117;  2nd  ser.  vol.  v.  p.  1  et  seq. 
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in  l^rone^  described  a  multitude  of  interesting  types^  which  enaUed 
him  distinctly  to  class  these  Strata  with  the  Lower  Silurian  group''^. 
When  the  first  edition  of  Griffith's  great  Greological  Map  of 
Ireland  appeared^  the  existence  of  rocks  containing  fossils  of  this 
age  had  been  ascertained  in  a  few  localities  only;  the  term  Silurian 
being  restricted  by  him  to  the  precise  spots  from  which  those  organic 
remains  were  obtained;  and  an  important  work  on  the  'Silurian 
Fossils  of  Ireland '  was  printed  in  1846^  under  his  auspices.  But 
the  progress  of  research^  of  late  years^  on  the  part  of  Mr.  Griffith 
and  his  assistants,  has  much  extended  the  areas  in  Ireland  in  which 
Silurian  fossils  occur,  and  has  prodigiously  increased  the  lists  of  or- 
ganic remains. 

The  labours  of  the  GoTemment  Surveyors,  first  under  Professor 
Oldham,  and  now  directed  by  Mr.  Jukes,  have  since  led  to  a  still  more 
methodical  elucidation  of  these  rocks.  In  this  way,  it  has  been  ascer- 
tained that  in  the  one  term  of  greywacke,  the  following  masses  were 
grouped : — ^First,  the  Cambrian  or  dull  red  and  purplish  schist  and  grey 
quartzite,  to  the  south  of  Dublin,  the  equivalent  of  the  Longmynd,  in 
which  no  other  fossils,  as  before  stated,  have  been  found,  except  fucoids 
and  two  species  of  the  small  zoophyte  Oldhamia  (p.  28).  Occupying 
the  headlands  of  Bray,  the  moimtains  of  the  Sugarloaf^  and  the  gorge 
of  the  Dargle,  to  the  south  side  of  Dublin  Bay  (and  probably  many 
other  parts  of  the  kingdom),  these  older  or  bottom  rocks  have  recently 
been  determined  to  be  overlapped  imconformably  by  all  the  overlying 
fossihferous  strata  to  which  the  term  Silurian  has  been  applied.  With 
this  physical  severance,  so  completely  in  contrast  to  the  order  of  suc- 
cession in  Shropshire  and  N.  Wales  (pp.  29,  80),  there  is,  as  might  be 
expected,  an  absence  in  Ireland  of  the  band  of  Lingula  slates,  which  in 
other  countries  occupies  the  intermediate  horizon. 

The  first  recognizable  strata  which  overlie  the  Oldhamia  purple  schists 
are  dark-coloured  slaty  strata  which  at  intervals  are  foimd  to  contain 
undoubted  Lower  Silurian  remains.  These  fossiliferous  schists  occur 
in  large  but  broken  bands  in  the  counties  of  Wicklow  and  Wexford,  and 
reappear  from  beneath  the  Old  Bed  Sandstone  and  carboniferous  lime- 
stone in  the  cliffs  of  Waterford  to  the  south  of  the  bay  of  that  name. 
Flanked,  as  these  Lower  Silurians  are  on  their  western  side,  by  the 
dominant  ridges  of  eruptive  granite  that  form  the  Wicklow  Moimtains, 
they  are  there  either  in  a  crystalline  or  subcrystalline  state,  and  thus 
exhibit  a  third  condition  of  the  greywacke  of  old  authors,  which,  in  the 
new  maps  of  the  Geological  Surveyors,  is  distinguished  by  a  darker  tint. 

*  See  Report  on  Londonderry  and  parts  of  Tyrone  and  Fermanagh.  Dublin, 
1843. 
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The  silvery  sheets  of  the  well-known  waterfSall  of  Poweraconrt  are  pre- 
cipitated oyer  highly  inclined  crystalline  chloritic  and  micaceous  schists 
of  this  class,  which  in  Ireland  are  the  equivalents  of  the  crystalline 
rocks  of  Anglesea  (see  p.  54).  In  the  central  parts  of  the  south  of 
Ireland,  or  on  the  western  side  of  the  granite  of  the  Wicklow  Hills,  the 
limestones  and  schists  of  the  Chair  of  Kildare,  which  are  replete  with 
fossils,  or. the  schists  on  the  flanks  of  the  SKeve  Bloom  Mountains,  are 
classed  as  Lower  Silurian*.  So  also  are  several  masses  of  these  rocks, 
at  Fortrane,  to  the  north  of  Duhlin,  and  especially  near  Fomeroy,  in 
Tyrone,  the  richly  fossiliferous  locality  just  stated  to  be  the  first  clear 
Silurian  type  described  in  Ireland.  It  is  truly  remarkable  that  so  many 
of  the  characteristic  Lower  Silurian  fossils  should  have  been  detected  by 
Colonel  Fortlock  in  this  small  tract,  and  another  of  no  larger  dimen- 
sions in  Fermanagh.  Several  of  the  Trinuclei  and  other  trilobites,  such 
as  Fhacops,  Calymene,  and  HIsbuus,  are  identical  in  species  with  those 
of  the  Caradoc  or  Bala  age  from  Shropshire  and  Wales ;  and  so  is  it 
with  the  simple  plaited  OrthidsB,  Leptsenffi,  and  StrophomensB,  some 
spiral  shells,  and  many  oithoceratites  (Plates  1-11) .  Commingled,  how- 
ever, with  these  are  peculiar  forms,  first  made  known  from  this  district, 
and  which  are  very  rare  indeed  in  any  other  tract  of  the  British  Isles. 
Such,  for  example,  among  the  trilobites  are  those  figured  in  the  tenth 
chapter, — ^the  Bemopleurides,  Harpes,  Amphion,  and  Bronteus.  Such 
also  are  the  smooth  forms  of  Asaphus,  called  Isotelus  by  American 

FoesiuB  (26).    LowxB  Silukiait  Tbilobitbs,  Ibblaitd. 
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authors,  which  in  Ireland,  and  on  the  other  side  of  the  Atlantic,  are 
very  abundant,  whilst  they  are  exceedingly  rare  in  Wales  or  England, 
and  are  not  known  on  the  Continent. 

*  It  is  believed  that  the  schists  of  Down  roajr  prove  to  be  of  the  same  age  as  the 
graptolite  schists  of  the  opposite  Scotch  counties  of  Wigton,  Galloway,  Ayr,  &c. 
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In  Wexford,  Waterford,  and  at  the  Chair  of  Eildare,  the  older  strata 
hi^ye  been  00  much  disturbed  and  insulated,  that  it  is  difficult  to  detect 
anything  like  a  sequence  of  order.  StiU  the  fossils,  together  with  the 
physical  characters  of  the  rocks,  clearly  mark  the  Lower  Silurian  era. 
In  the  diffs  on  the  banks  of  the  riyer  Suir,  below  Waterford,  and  in 
the  maritime  headlands  of  Newtown  near  Tramore,  and  of  Bon  Mahon*, 
the  schists,  with  feeble  impure  concretionary  limestones,  are  underlaid 
by  schists,  which  at  Waterford  are  probably  of  Uandeilo  age ;  the  fos- 
sDiferous  beds  on  the  coast  being  rather  referable  to  the  Caradoc  or 
Bala  formation.  These  strata  are  charged  with  the  simple  plaited  Or- 
thid»,  trilobites  of  the  genera  Trinudeus,  Ogygia,  and  Phacops,  double 
gn^tolites  (Diplograpsus),  and  corals,  in  as  great  abundance  as  in 
strata  of  the  same  age  in  Wales  and  Scandinayia. 

In  the  western  districts  of  Cork  and  Elerry,  it  has  only  recently  been 
ascertained,  that  the  masses  of  hard,  purple  and  greenish  grits  and  slaty 
rocks  which  rise  into  the  loftiest  mountains  of  Ireland  around  the  Lakes 
of  KiUamey  (Macgillicuddy's  Beeks,  Mangerton,  Ac.),  and  range  to  the 
Island  of  Yalentia,  are  aU  of  Deyonian  age.  This  is  proyed  by  the  fact 
that  in  the  promontory  of  t^e  Dingle  these  rocks  distinctly  oyerlie 
strata  charged  with  unquestionable  Upper  Silurian  fossils.  Many  of 
these  organic  remains  had  indeed  been  long  known,  some  of  them 
haying  been  figured  and  described  by  M'Coy  from  the  collections  of 
Mr.  Ghriffith,  with  whom  I  first  visited  the  district  in  1842. 

But  the  exact  order  of  the  rocks  occupying  the  great  mountainous 
mass  of  land  lying  between  the  Bays  of  Dingle  and  Tralee  remained  un- 
rayelled ;  so  that  in  the  first  edition  of  this  work  an  allusion  could  only 
be  made  to  the  hope  then  entertained,  that  the  succession  of  the  forma- 
tions would  soon  be  made  known,  and  the  relations  of  the  fossiliferoua 
rocks  to  the  other  deposits  clearly  indicated. 

This  end,  which  has  proyed  no  easy  task,  has  at  length  been  effected 
by  the  Irish  Survey.  The  nomenclature  which  Mr.  Griffith  was  for- 
merly induced  to  adopt  as  respected  these  south-western  tracts,  and 
which  is  now  changed,  was  yery  rational.  Seeing  there  yast  masses  of 
chloritic  and  quartzose  schists  and  other  bands  of  yery  ancient-looking 
rocks  that  were  unconformably  surmounted  by  red  conglomerates  and 
sandstones,  which  latter  he  knew  to  be  inferior  to  eyerything  carboni- 

*  Most  of  the  fonils  described  by  ago  recognized  by  Mr.  Griffith,  and  his 

Mr.  Wearer  in  his  memoir  on  the  South  assistant  Mr.  Kelly,  to  be  Silurian: 

of  Ireland,  Trans,  (jeol.  Soc.  Lond.,  2nd  though  with  no  precise  reference  to 

ser.,  ToL'T.  p.  1  et  9eq,,  are  now  known  their  age.     In  the  public  collection  in 

to  pertain  to  the  Carboniferous  system ;  Stephen's  Green,  I)ublin,  and  in  the 

but  certain  localities  which  he  notices,  rich  cabinet  of  Mr.  Griffith,  the  geolo- 

snch  as  Smerwick  Harbour  or  Ferriter's  gist  will  find  an  instructiye  assemblage 

Cove,  and  Bon  Mahou,  near  Waterford,  of  these  Lower  Silurian  (Caradoc)  fos- 

which  he  termed  transition,  were  long  sils  of  Waterford. 
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ferouB,  that  yigilant  and  inde&tigable  observer  naturally  grouped  the 
first-mentioned  of  these  as  Silurian,  and  so  coloured  his  excellent  Qfio- 
logical  Map  of  Ireland. 

Now,  a  chief  portion  of  the  rocks  which  G-riifith  termed  Silurian 
were  those  mountain  masses  which  are  splendidly  exhibited  near  Glen- 
gariff,  and  roll  over  in  the  lofty  undulations  around  the  Lake  of  Kil- 
lamey  before  alluded  to,  reappearing  in  the  promontory  of  the  Dingle. 
Traversing  these  tracts  from  Bantry  to  Eillamey  in  1842,  I  even  then 
came  to  the  conclusion,  that  all  these  rocks  must  be  equivalents  of  the 
Devonian  system;  for,  together  with  certain  red  conglomerates  and 
sandstones  which  overlap  them,  they  are  seen  in  several  synclinal  troughs 
to  lie  below  the  base  of  the  Carboniferous  system. 

The  difficulty,  however,  remained,  of  explaining  the  physical  relations 
of  these  masses  to  the  well-known  fossiliferous  Silurian  deposits  of  Fer- 
riter's  Cove,  Smerwick  Harbour,  and  other  places  in  the  Dingle  district. 
Were  the  Glengariff  grits  and  Macgillicuddy's  Beeks  inferior  or  equiva- 
lent to  such  Silurian  rocks  of  the  Dingle,  or  superior  to  them  P 

In  order  to  solve  this  question,  Mr.  Jukes  specially  employed  the  able 
field  geologist,  Mr.  Du  Noyer,  in  making  a  detailed  survey,  and  in  the 
end  of  August  1856, 1  revisited  that  ground,  accompanied  by  Mr.  Griffith, 
Mr.  Jukes,  and  Mr.  Salter,  to  endeavour  to  detect  the  real  physical 
relations  of  the  fossil-bearing  Silurians  of  the  Dingle  promontory  to  the 
great  schistose  and  quartzose  masses  now  termed  the  '  Glengariff  grits*.' 

However  difficult  we  found  it  to  fix  upon  the  precise  spot  where  the 
oldest  of  the  Silurian  fossils  could  be  detectedf,  it  was  quite  manifest 
that  in  the  westernmost  headlands,  Ferriter's  Cove,  Smerwick  Harbour, 
Clogher  and  Doonquin  Bays,  there  were  unquestionable  Wenlock  re- 
mains in  abundance,  and  that  there  the  strata  containing  those  fossils 
were  overlaid  by  a  clear  and  imequivocal  representative  of  the  Ludlow 
rocks,  in  which,  though  th^  strata  are  to  a  great  extent  lithologically 
difierent  from  those  of  the  Silurian  region,  the  same  typical  species  of 
fossils  occurred  as  in  rocks  of  the  same  age  in  England  and  Wales. 

Notwithstanding  the  obscuration  of  the  interior  country,  these  facts 
are  plainly  set  forth  in  the  coast  cliffs  between  the  Sibyl  Head  and  Dun- 
more  Head,  which  face  the  Atlantic  and  the  Blaskett  Islands.  There, 
the  Silurian  strata  occupying  ledges  on  both  sides  of  Ferriter's  Cove, 

*  This  tenn  of  'Glengariff  grits'  was  with  trae  Wenlock  fossils  into  the  Pen- 

su^ested  by  Mr.  Jukes,  and  agreed  to  tamerus  or  Llandovery  rocks.    At  this 

byMr.  Griffith.  spot  a  Pentamenis  occurs,  apparently 

t  In  one  locality,  however — ^the  small  identical  with  P.  obloneus,  Palieocyclus 

oove    called   Co(Matburig,   under    the  porpita,  Favosites  and  Heliolites,  and 

Bull's  Head  promontory  to  the  east  of  many  large  hollow-stemmed  Encrinites, 

Dinele, — certain  species  were  found,  which  are  so  characteristic  of  the  Lbm- 

whidi  Mr.  Salter  considers  definitely  to  dovery  rocks.    Further  collections  are 

indicate  a  passage  downwards  from  rocks  much  wanted  from  this  wild  spot. 
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contain  Wenlock  fossilB.  To  the  north  these  are  succeeded  hj  pale 
purple  unfossiliferouB  sandstones,  including  some  lenticular  beds  of  con- 
glomerate, and  these  are  oTcrlapped  unconformably  by  old  red  sandstone 
and  conglomerate,  the  beds  of  which  rise  into  the  rugged  Sibyl  Head  to 
the  height  of  670  feet  above  the  sea. 


^.- 


Teb  Sibyl  Hbad  (seen  froic  the  Wbstbbn  Ocsav). 

The  strata  rifliiig  up  to  the  highest  point,  Sibyl  Head,  consist  of  old  red  sandstone  and 
conglomerate.    The  lower  ledges  are  Silurian  (or  Lower  Devonian :  see  p.  189). 

When,  howerer,  we  follow  the  Silurian  rocks  to  the  south  along  the 
coast  to  Clogher  Bay,  and  thence  to  Doonquin,  we  meet  with  a  true 
ascending  order,  after  a  great  fold  in  the  beds  at  the  Clogher  Head.  A 
flag-like  series  of  green,  grey,  and  purple  schists  and  sandstones  con- 
taining semi-calcareous  and  nodular  bands,  and  associated  with  much 
interstratified  volcanic  ash  and  bosses  of  igneous  rock,  is  there  found  to 
be  charged  with  the  foUowing  typical  Wenlock  fossils,  yiz.  Euomphalus 
funatus  and  other  species  of  that  genus,  Spirifer  bijugosus,  ILhynchonella 
nucula,  Orthis  elegantula,  Atrypa  reticularis,  Froetus  latifrons,  with 
numerous  corals,  including  the  chain-coral, — and  the  trilobites  Fhacops 
caudatus  and  Encrinurus  punctatus.  In  these  strata  we  also  find  the 
Chonetes  (Leptasna)  lata  in  abundiyice,  whilst  in  England  it  is  the 
typical  fossil  of  the  Upper  Ludlow  rock. 

The  beds,  which  contain  contemporaneous  volcanic  grit,  and  occasion- 
ally intrusive  greenstones,  are  overlaid  by  strata  which  are  best  exposed 
inland,  and  in  these  (as  between  Doonquin  and  Croagh-marhin)  there 
are  many  true   Ludlow  rock  and  Aymestry  fossils;   such  as  Penta- 
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meruB  Ejiightii,  Ehynchonella  WilBoni,  B.  navicula,  Aiicula  reticu- 
lata, &c.,  together  with  Galymene  and  the  small  Lichas  anglicus. 
In  truth,  however,  the  geologist  would  scarcely  be  able  to  draw 
those  distinctions  between  the  Wenlock  and  Ludlow  rocks  which  are 
traceable  in  Siluria,  but  for  the  occurrence  of  a  band  of  red  sUte  and 
a  thick  development  of  fucoidal  sandstones  which  here  form  the  base  of 
the  Ludlow  rocks.  These  fucoidal  strata  are  well  seen  in  Clogher  Bay 
and  Smerwick  Harbour,  their  physical  relations  and  organic  charac- 
ters having  been  traced  out  by  Mr.  Du  Noyer  and  Mr.  Salter.  In  the 
overlying  beds  with  Pentamerus  Knightii  and  the  Gardiola  interrupta, 
there  are  numerous  species  of  corals,  including  a  fine  branched  form  of 
HeHolites,  allied  to  the  H.  inordinata,  Lonsdale,  Sil.  Syst.  The  curious 
annelide-tube,  Trachyderma  squamosa,  Phill.,  is  found  also  in  these  beds 
and  in  a  vertical  position ;  it  is  a  Ludlow  rock  species. 

The  highest  of  the  strata  in  which  such  fossOs  occur  are  purple- 
coloured  and  yellowish  flag-like  sandstones,  and  these  are  seen  to  pass 
graduaQy  and  conformably  upwards  into  the  greenish  and  purple  slaty 
beds  forming  the  base  of  the  great  series  of  Glengariff  grits  and  schists 
which — ^not  less  than  7000  feet  thick— occupy  Mount  Eagle  and  a  long 
range  of  the  Dingle  coast.  These  beds  are  in  their  turn  conformably 
surmounted  by  a  thick  suite  of  purple  sandstones  and  conglomerates 
containing  pebbles  of  Silurian  limestone. 

As  then  these  last-mentioned  rocks  distinctly  overlie  all  the  strata 
with  Upper  Silurian  fossOa,  there  can  be  no  hesitation  in  considering 
them  to  be  the  representatives  of  the  slates  and  grits  of  Devonshire, 
or  a  chief  portion  of  the  Devonian  system. 

The  annexed  diagram,  as  prepared  by  Mr.  Du  Noyer,  exhibits  the 
general  relations  of  the  Silurian  rocks  of  the  Dingle  promontory  to  the 
great  superjacent  masses  of  Devonian  age,  whether  the  Ghlengariff 
rocks  (tf),  the  red  sandstones  and  conglomerates  (/),  or  the  overlying 
series  (z).  The  last  will  be  j^irther  commented  upon  in  a  subsequent 
chapter.  In  the  mean  time  it  is  enough  to  point  out,  that  the  Upper 
Silurian  and  Ludlow  rock  fossils  entirely  terminate  with  the  yellow  and 
purplish  sandstones  (d),  and  these  are  surmounted  by  rocks  in  which 
no  organic  remains  have  yet  been  discovered. 

In  travelling  along  the  west  coast,  or  by  the  carboniferous  rocks  of 
Clare,  to  the  county  of  Galway,  the  geologist  again  meets  with  tracts 
which  are  replete  with  Silurian  fossOs.  Lying  to  the  north  of  the  pic- 
turesque mountains  known  as  the  Bins  of  Connemara,  these  fossil  bands 
occupy  the  bold  and  precipitous  sides  of  the  deep  bay  of  Killery,  and 
range  over  a  considerable  space  eastwards,  by  Leenane,  Maam,  and 
Oughterard,  to  the  shores  of  Loughs  Corrib  and  Mask. 

Whilst  on  the  eastern  side  of  the  island  the  eruption  of  the  granite 
of  the  Wicklow  Mountains  has  metamorphosed,  as  before  said,  the  con- 
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tiguous  Lower  SilurianB ;  so  in 
Connemara,  on  the  west,  we 
have  a  still  more  striking  ex- 
ample of  the  metamorphism  of 
a  very  large  mass,  which,  in  mj 
opinion,  must  be  also  considered 
Lower  Silurian.  The  annexed 
diagram  is  reduced  from  one  of 
Mr.  Griffith's  transverse  co- 
loured sections  across  this  re- 
markable district.  After  a  per- 
sonal survey  of  most  of  the  Si- 
lurian tracts  of  Lreland,  it  has 
appeared  to  me  best  adapted  to 
explain  how  certain  crystalline 
rocks,  which  from  their  mineral 
aspect  have  hitherto  been  sup- 
posed to  be  of  higher  antiquity, 
are  (like  the  Highland  rocks 
before  described)  nothing  more 
than  the  altered  lower  mem- 
bers of  the  sedimentary  deposits 
under  consideration. 

In  proceeding  from  Bound- 
stone  Bay  on  the  south,  low 
isles  and  headlands  of  granite, «, 
followed  by  syenitic  and  hom- 
blendic  rocks,  t,  throw  off  highly 
altered  micaceous  and  quartzose 
schists,  with  courses  of  white 
and  grey  crystalline  limestone, 
a,  which,  as  you  ascend  the 
mountain  of  Ben  Glenisky,  one 
of  the  twelve  Bins  of  Conne- 
mara,  are  seen  to  be  followed 
by  strong  masses  of  granular, 
white  quartz  rock,  h  (manifestly 
an  altered  sandstone),  which  al- 
ternate with  mica-slate. 

Literlaced  in  the  lower  part 
of  this  series,  and  lying  in  de- 
pressions between  Ben  Glen- 
isky  and  Ben  Bawn  (2300  feet 
above    the    sea),    and    thence 
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raaging  to  the  west,  are  certain  crystiaUine  limestones,  one  course  of 
which  is  grey  and  white,  and  another  is  the  beautiful  green  marble, 
or  serpentine  of  Connemara.  Thej  are  again  overlaid  by  the  granular 
quartz  rocks  and  mica-slates,  ft,  which,  occupying  the  greater  portion  of 
these  mountains,  are  in  some  places  surmounted  on  their  northern  face 
(with  a  slight  unconformity*  only)  by  conglomerate,  sandstone,  and 
schists,  c,  containing  fossils,  at  Lettershanbally,  Blackwater  Bridge, 
Leenane,  Maam,  and  other  places.  Now,  these  remains,  all  unequivo- 
cally Silurian,  belong  by  no  means  to  the  lowest  members  of  the  system. 
On  the  contrary,  though  some  of  them  are  found  in  the  Lower  Silurian 
strata,  their  prevalent  species  refer  the  beds  rather  to  the  Llandovery 
or  intermediate  rocks.  Li  fact,  the  strata  resemble,  both  zoologically 
and  lithologically,  some  of  the  upper  fossiliferous  greywacke  before  de- 
scribed on  the  banks  of  the  Girvan  Water,  in  Ayrshire ;  many  of  the 
same  species  occurring  in  the  two  districts.  Several  of  the  Lrish  fossils 
are,  indeed,  more  common  in  the  Tipper  Silurian,  both  of  England  and 
Wales. 

Li  the  beds  near  Maam,  Professor  Nicol  and  myself  collected  re- 
mains, some  of  which  would  be  considered  Lower,  and  others  Upper, 
Silurian ;  there  being  among  the  latter  the  Bellerophon  trilobatus,  first 
published  from  the  tOestones,  or  summit  of  the  Ludlow  rocks.  With  the 
widely-spread  fossils  Strophomena  depressa  and  Atrypa  reticularis,  which 
occur  in  nearly  all  the  Silurian  strata,  we  here  met  with  Pentamerus 
oblongus,  Orthis  calligramma  (virgata),  O.  reversa,  Atrypa  hemispharica, 
&c.,  which  elsewhere  are  known  only  in  rocks  of  Llandovery  age,  asso- 
ciated with  Bh/nchonella  Wilsoni  and  Betzia  cuneata,  Bellerophon  trilo- 
batus, and  some  lamellibranchiate  shells,  such  as  the  Pterinea  or  Avicula 
retroflexa^  and  Cucullella  antiqua,  which  were  long  ago  described  as  true 
Upper  Silurian  fossils.  Here,  also,  in  the  beds  of  junction  with  the  mica- 
slates,  are  the  chambered  shells,  Cyrtoceras  approximatum,  Orthoceras 
bullatum,  O.  ibex  and  O.  angulatum, — species  formerly  supposed  to  mark 
the  Upper  Silurian  only,  but  since  also  found  in  some  of  the  lower  strata. 
Among  the  tnlobites  we  have  even  our  persistent  friend  Calymene  Blu- 
menbachii,  that  ranges  from  Snowdon  to  Ludlow,  and  the  Encrinurus 
(Amphion)  punctatus,  together  with  the  genus  Stygina,  only  yet  known 
in  Lower  Silurian  strata,  and  apparently  the  same  species  which  is  found 

*  In  a  traverse  of  this  tract,  which  I  dinary  stratified  limestone,  in  respect 

made  from  Clifden  to  Killery  Bay,  in  to  bedding,   joints,  and  way-boards; 

the  company  of  Professor  ^fiool,  the  but  we  could  detect  no  fossils  in  it. 

green  marble  seemed  to  me  to  be  en-  Though  the  above  section  exhibits  the 

closed  in  mica-schist  and  quartz  rocks,  strata,  c,  containing  Silurian  fossils,  re-> 

We  also,  however,  met  with  a  grey  lime-  posing  with  a  slight  unconformity  only 

stone^  subordinate  to  the  upper  portion  on  these  micaceous  rocks,  there  are 

of  the  mica-schist,  which,  as  in  Argyle-  many  other  such  junctions  (as  around 

shire  on  both  sides  of  Loch  Fyne,  ex-  Maam)  where  the  relations  are  quite 

hibits  many  of  the  appearances  of  or-  discordant. 
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in  Tyrone,  and  CyphaApis  megalops,  a  Dudley  fossil.  Again,  the  corals 
fi*om  another  locdity  (Kilbride)  present  us  with  such  species  as  Eavo- 
sites  cristatus,  F.  Gt)thlandicus,  F.  multiporatus,  &c.,  which  are  usually 
Tipper  Silurian  types. 

This  statement  is  not  made  to  weaken  the  value  of  the  separation,  on 
a  general  scale,  of  the  Silurian  system  into  two  groups ;  but  simply  to 
show  that  there  are  tracts  where  the  appropriation  of  certain  strata 
absolutely  to  one  or  the  other  becomes  impossible. 

To  sum  up,  then,  we  have  seen  in  Dingle  a  copious  and  unmistakeable 
series  of  true  Upper  Silurian  rocks  and  fossils.  In  Connemara  and  the 
adjacent  tracts,  and  thence  extending  to  ITggool  in  Mayo,  the  interme- 
diate group  of  Llandovery  rocks  is  strikingly  apparent,  though  in  frag- 
ments and  patches  only ;  whilst  a  multitude  of  organic  remains,  whether 
they  be  the  well-defined  forms  described  by  Portlock  from  Tyrone,  or 
those  jof  the  fossil-bearing  schists  of  Kildare,  Wexford,  and  Waterford, 
are  unquestionably  Lower  Silurian,  aiid  for  the  most  part  of  the  Cara- 
doc  or  Bala  age.  Where,  then,  is  the  lowest  Silurian  in  Connemara  and 
other  tracts  in  which  metamorphic  rocks  appear  beneath  the  fossiliferous 
strata  ?  My  belief  is,  that  the  lower  group  is  represented  by  the  great 
underlying,  crystalline  masses  of  the  Bins  of  Connemara,  and  that  the 
limestones  included  in  those  mica-schists  are  nothing  more  than  the 
Lower  Silurians  altered ;  some  of  them  being  of  the  age  of  Uandeilo, 
and  others  the  equivalents  of  the  Caradoc  or  Bala  rocks  of  Wales. 

In  the  Gbilway  tract  we  cannot,  indeed,  pursue  a  clear  ascending 
order,  any  more  than  in  Scotland,  though  it  is  possible  that  a  succession 
like  that  of  the  district  of  Dingle  may  be  detected.  As' yet  it  has  only 
been  observed,  that  a  coarse,  chloritic,  quartzose  conglomerate  overlies  the 
fossiliferous  beds  in  question; — a  conglomerate  which,  according  to  Mr: 
Grif&th,  rises  into  mountainous  masses  on  the  north  side  of  the  Eillery 
Bay.  Alternating  with  green  and  purple  slate  and  interstratified  felspar 
porphyries,  t,  these  upper  rocks,  after  an  undulation,  repose  upon  a  vast 
mass  of  greenish,  grey,  and  reddish  slate,  c.  The  base  of  the  fossilife- 
rous series  to  the  north  of  the  Killery  Harbour  is  composed  of  a  dark 
and  reddish-brown  sandstone,  under  which  is  a  conglomerate  of  mica- 
schist  and  other  rocks ;  the  whole  resting,  as  on  the  other  side  of  the 
trough,  on  mica-schist,  h,  (See  section,  p.  190.)  Then  follows  a  boss  of 
granite,  •  (Knockaskeheen),  which  throws  off  crystalline  schists  on  both 
flanks, — ^the  masses  ii^  the  north  being  bounded  by  the  unconformable 
and  horizontal  carboniferous  limestone  of  Clew  Bay  in  Mayo.* 


Altered  Irish  Silurians. — Seeing  that  we  cannot  trace  downwards 
fossils  of  higher  antiquity  than  the  middle  portion  of  the  Silurian 
series,  it  seems  fair  to  infer,  that  the  subjacent  quartz  rock^  mica- 
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schist^  and  stratified,  limestone  of  Connemara  are  really  the  repre- 
sentatives of  the  Lower  Silurian  rocks. 

The  progress  of  research  will  also,  I  trust,  bring  out  other  evi- 
dences to  support  the  views  respecting  metamorphism  derived  from 
a  survey  of  the  Connemara  tract,  and  which,  after  the  proo&  of  an 
Upper  Silurian  series  obtained  in  the  DinglQ  district^,  seems  to  be 
rendered  still  more  probable.  May  not,  indeed,  this  view  of  the 
metamorphism  of  Lower  Silurian  rocks  be  applied  to  some  of  the 
crystalline  rocks  of  Don^al;  and  may  they  not  eventually  be 
brought  into  connexion  with  the  true  Lower  Silurian  oases  of  Fer- 
managh and  Tyrone?  This  is  a  task  worthy  of  the  Lrish  Oovem- 
ment  Surveyors,  and  which,  I  have  no  doubt,  they  will  ably  accom- 
plish. No  one  who  has  examined  the  small  patch  near  Pomeroy 
could  imagine,  fit>m  the  aspect  of  the  schists,  that  it  would  have 
proved  as  highly  fossiliferous  as  it  did  under  the  scrutiny  of  Port- 
lock.  Hence  we  need  not  despair  of  finding  the  occupants  of  other 
former  burying-places  in  various  parts  of  the  large  area  of  Ireland, 
over  which  SUurian  rocks  are  believed  to  extend ;  though  these  de- 
posits, being  to  so  great  an  extent  metamorphosed,  are  necessarily 
sterile  in  organic  remains. 

Some  of  the  most  characteristic  of  the  Irish  Silurian  fossils  will 
be  noticed  in  the  two  ensuing  chapters;  but  a  fiiU  acquaintance 
with  them  must  be  sought  for  in  the  works  of  Portlock  and  M^Coy, 
and  in  the  tables  of  Griffith.  They  will  also,  I  trust,  hereafter  be 
illustrated  in  the  publications  of  the  Irish  Survey. 

*  In  a  preceding  page  (187),  an  omission  has  accidentally  occurred  in  not  stating 
that  the  sketch  of  the  Sibyl  Head,  showing  the  red  conglomerate  resting  upon  the 
edges  of  older  rocks,  is  from  the  pencil  of  Mr.  Du  Noyer.  That  able  obserrer,  to 
whom  I  am  also  indebted  for  the  general  diagram,  p.  189,  has,  in  conjunction  with 
Mr.  Jukes,  arriyed  at  the  conclusion,  after  reiterated  surveys  of  the  whole  promontory 
of  the  Dingle,  that  the  beds  immediately  underlying  the  conglomerate  of  the  Sibyl 
Head  are  not,  as  at  first  represented  in  the  general  diagram,  the  lower  part  of  the 
ascending  series,  a,  but  are,  on  the  contrary,  a  member  of  the  upper  portion  of  the 
Glengariff  grits,  f^  termed  the  Dingle  beds.  It  is  now  belieyed,  that  a  great  fault 
trayerses  tlutt  part  of  the  headland  near  the  spot  where  a  dyke  of  porphyry  is  noted, 
by  which  the  Dingle  beds,  f^  are  thrown  into  this  anomalous  position.  Tnough  im- 
portant  in  clearly  defining  the  physical  features  in  a  district,  wherein  the  strata  are 
so  much  disturbed,  this  yiew  does  not  in  any  way  inyalida^  what  has  been  stated 
respecting  the  clea^  ascending  order  from  true  Upper  Silurian  rocks  charged  with 
Wenlock  and  Ludlow  fossils,  6,  c,  of  the  same  diagram  (p.  189),  into  the  overlying 
masses  of  slaty  schists  and  hard  grits,  d,  «,  /,  which  are,  m  my  oninion,  the  unques- 
tionable representatives  of  the  greater  portion  of  the  Devonian  or  Old  Bed  series. 

It  must  also  be  understood,  that  in  the  general  diagram,  p.  189,  all  the  folds, 
contortions,  and  minor  breaks  of  the  strata,  as  well  as  the  intruded  rocks,  have  been 
omitted.  These  are  faithfully  delineated  in  the  sections  prepared  by  the  Surveyors, 
undw  the  skilful  direction  of  Mr.  J.  Beete  Jukee. — September  28, 1857. 
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Note, — Mr.  Jukes  has  forwarded  to  me  a  description  of  a  band  of  anthradtic 
coal,  which  occurs  in  ancient  day-slate  and  hard  grits  at  Kilnaleck  in  the  county 
of  Cavan,  and  to  which  my  attention  was  formerly  directed  by  Mr.  Kelly  (see 
Appendix  to  first  edition,  p.  493).  The  strata  in  which  this  anthracite  lies  extend 
from  Gavan  through  the  counties  of  Louth,  Monaghan,  Armagh,  and  Down,  and 
from  their  composition  as  well  as  from  their  strike  to  the  N.E.,  they  are  supposed 
to  be  of  the  same  age  as  the  anthracitic  Lower  Silurian  schists  of  Dumfriesshire 
in  Scotland  already  described  (p.  169).  As  this  course  of  Irish  anthracite,  which 
varies  in  thickness  from  1  to  12  feet  (ranging  in  a  nearly  vertical  position  with  its 
associated  beds  from  S.W.  to  N.E.),  is  a  fuel  of  better  quality  (in  short,  a  real 
coal)  as  well  as  of  larger  dimensions  than  any  similar  substance  hitherto  noticed 
in  the  Silurian  rocks,  the  phenomenon  will  be  described  in  the  Appendix. 

Vertical  Dimensions  of  the  Silurian  Rocks  of  the  British  Isles.— 
We  have  as  yet  no  means  of  calculating,  even  approximately,  the 
thickness  of  the  older  deposits  of  Scotland  and  Ireland  which  have 
been  treated  of  in  this  chapter.  In  both  regions  large  spaces  occur 
throughout  which  the  framework  of  the  subsoil  is  so  obscured  and 
hidden,  that  it  has  not  yet  been  ascertained  whether  there  is  a 
continuous  ascending  order,  or  if  the  same  strata  be  repeated  by 
flexures,  the  upper  portions  of  which  have  been  cut  off. 

In  the  typical  region  of  Shropshire  and  the  adjacent  Welsh  coun- 
ties, as  described  in  the  preceding  chapters,  we  can,  however,  appeal 
to  the  estimates  of  the  Grovemment  Surveyors.  In  Shropshire, 
the  Longmynd  rocks  (the  Cambrian  of  the  Survey)  are  supposed 
to  have  the  vast  thickness  of  26,(X)0  feet,  or  about  three  times  that 
of  the  same  strata  in  North  Wales ;  but  even  admitting  that  these 
rocks  are  to  some  extent  repetitions  (of  which,  however,  I  see  no 
evidence),  their  dimensions,  according  to  any  estimate,  must  still  be 
enormous. 

My  originally  described  Lower  Silurian  strata  of  Shropshire  to  the 
west  of  the  Longmynd,  from  the  Stiper  Stones  upwards,  including 
the  Llandeilo  formation,  exhibit  a  thickness  of  14,(X)0  feet;  and 
if  we  add  to  this  mass  the  thickness  of  the  Caradoc  sandstones, 
limestones,  and  shales  lying  oA  the  eastern  slopes  of  Caer  Caradoc, 
which  have  been  described  at  p.  70,  and  amount  to  about  4000 
feet,  we  ascertain  that  in  the  typical  tract  of  Shropshire  alone 
the  Lower  Silurian  rocks  attain  the  dimensions  of  18,000  feet. 
These  dimensions  are,  indeed,  nearly  equal  to  those  which  have 
been  estimated  for  their  equivalents  in  the  lofty,  slaty,  and  rugged 
region  between  the  Menai  Straits  and  the  Berwyn  Mountains, 
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where  the  Surveyors  have  estimated  the  total  thickness  of  all  the 
strata  of  like  age  at  19,000  feet. 

In  the  lowest  part  of  these  enormous  accumulations  of  sediment- 
ary strata,  the  rarest  trace  only  of  fossils  has  been  found;  and  in 
the  Idngula  flags,  the  lowest  of  the  Silurian  zones,  organic  remains 
increase  so  slightly,  that  comparatiyely  few  forms  have  yet  been 
detected  in  them.  In  the  great  Llandeilo  and  Caradoc  formations, 
however,  the  trilobites,  moUusks,  and  corals  augment  enormously 
and  amount  to  many  hundred  species. 

The  Llandovery  rocks,  intermediate  between  the  lower  and  upper 
divisions,  swell  out  in  some  parts  of  Wales  to  a  thickness  of  2000  or 
3000  feet;  and,  though  in  many  tracts  this  zone  is  of  small  dimen- 
sions, it  is  not  poor  in  the  variety  of  fossil  species. 

The  Upper  Silurians,  consisting  of  Wenlock  and  Ludlow  rocks, 
attain  nowhere  a  greater  thickness  than  5000  or  6000  feet ;  and 
yet  this  younger  group  is  as  replete  with  fossils  as  the  Lower 
Silurian  strata,  the  dimensions  of  which  are  so  much  larger. 

In  conclusion,  it  is,  indeed,  well  to  reflect  upon  the  fact,  that 
notwithstanding  their  enormous  physical  development  of  not  less 
than  26,000  or  27,000  feet,  the  British  Silurian  rocks  are  not  more 
copiously  chained  with  oi^anic  remains  than  the  strata  of  the  same 
age  in  Scandinavia,  where  the  total  thickness  of  the  Lower  and 
Upper  Silurian,  welded  together  in  one  physical  mass,  does  not 
exceed  2000  feet,  as  will  be  shown  in  a  subsequent  chapter. 


Postscript. — Lower  Silurian  Backs  in  the  Northern  Highlcmds  of 
Scotland, — ^When  the  first  edition  of  this  work  was  published,  I  en- 
tertained the  belief,  in  common  with  my  early  associate  Sedgwick,  and 
our  precursor  M^Culloch,  that  the  striking  mountain  masses  of  red  con- 
glomerate and  hard  grit  on  the  N.W.  coast  of  the  Highlands*,  which 
rest  in  layers  more  or  less  horizontal  on  low  and  gnarled  bosses  of 
very  highly  inclined  and  ancient  granitoid  gneiss,  as  represented  in  the 

*  My  first  visit  to  the  west  coast  of  the  following  year  Professor  Sedgwick 

the  Highlands  was  made  in  1826,  ac-  and  myself  made  that  survey  which 

compamed  by  Lady  Murchison,  during  enabled  us  to  write  the  memoir  upon  the 

which  my  attention  was  almost  ezclu-  Old  Red  Sandstone  of  Scotland,  which 

sively  devoted  to  descriptions  of  the  is  printed  in  the  Geological  Transactions 

Oolitic  and  Liassic  strata  of  the  £.  and  (n.  s.,  vol.  iii.  p.  153).    Although  we 

W.  of  the  Highlands  (see  Trans.  Geol.  encountered  bad  weather  in   Assynt, 

Soc.^  2nd  ser.,  vol.  ii.  p.  293,  &c.).     In  which  prevented  us  from  making  accu- 

o2 
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vignette  which  is  given  at  p.  198,  were  really  a  part  of  the  Old  Red 
Sandstone  of  Scotland*.  A  re-examination,  however,  of  those  tracts  in 
1855 1  compelled  me  to  abandon  that  view.  I  then  saw,  that  portions 
at  least  of  these  conglomerates,  often  in  a  semi-crystalline  state,  and 
resting  on  the  oldest  or  granitoid  gneiss  of  the  Highlands,  as  around 
Loch  Assynt,  were  really  inferior  to  those  quartz  rocks  and  limestones 
in  the  prolongation  of  which  to  the  north  coast  of  Sutherland  Mr.  C. 
Peach  had  detected  fossils  which  enabled  me  to  suggest,  that  they  be- 
longed to  the  older  Silurian  rocks  (p.  181)  %- 

Since  the  preceding  sheet  was  printed,  and  during  my  absence  on  a 
geological  tour  abroad,  additional  researches  undertaken,  at  my  request, 
by  Mr.  C.  Peach  (see  Note,  p.  182),  have  elicited  much  more  numerous 
and  more  perfect  fossils  than  were  previously  known ;  and  these  enable 
me  to  re-affirm  unhesitatingly,  that  the  quartz  rocks  and  limestones  of 
the  N.W.  Highlands  are  truly  of  Lower  Silurian  age. 

The  most  striking  of  these  fossils  is  the  Maclurea,  a  genus  which,  as 
yet,  has  alone  been  found  in  deposits  of  that  age.  One  species  was,  in- 
deed, figured  in  the  first  edition  of  this  work,  and  has  already  been  al- 
luded to  (p.  172),  as  occurring  in  the  South  of  Scotland;  but  the  Suther- 
land form,  being  undescribed,  will  justly  receive  the  name  of  M.  Peachii. 

The  other  organic  remains  belong  to  the  genera  Ophileta,  Oncoceras, 
and  Orthoceras,  with  small  gasteropods,  annelides,  &c.  These  shells  are 
all  closely  allied  to  (one  of  them  identical  with)  N.  American  species, 
BO  well  described  by  Mr.  James  Hall.  In  short,  they  represent  the 
fauna  of  the  Lower  Silurian  rocks  of  Canada  and  the  United  States, 
from  above  the  Potsdam  sandstone  to  the  Trenton  (Llandeilo)  lime- 
stone, inclusive  §.     Let  us  also  observe,  that  the  Scottish  and  American 

rate  distinctions  among  the  rocks  of  of  Scotland;  Conyngham's  Mem.Hi^h- 
that  tract,  we  even  then  noted  a  con-  land  Society,  vol.  xiii.  p.  73 ;  Nicol, 
glomerate  and  grit  as  underlying  to  Joum.  Geol.  Soc.  vol.  xiii.  p.  17< 
some  extent  the  quartz  rocks  and  hme-  f  Accompanied  by  Prof.  J.  Nicol. 
stones  of  Sutherland.  At  that  time  X  In  reference  to  the  theory  broached 
no  one  had  begun  to  classify  any  fos-  by  Hugh  Miller,  that  these  quartz  rocks 
siliferous  strata  below  the  Old  Red  and  limestones  might  be  the  equivalents 
Sandstone,  and  all  the  old  Scottish  of  the  Old  Red  Sandstone  senes  of  the 
conglomerates,  which  are  now  being  east  coast  (see  p.  182),  let  me  say,  that 
referred  to  Gambriax^  Silurian,  or  De-  if  my  eminent  and  lamented  friend  had 
vouian  ages  respectively,  were  then  lived  to  see  the  fossil  evidences  which 
grouped  with  the  Old  Red  Sandstone,  prove  them  to  be  of  Lower  Silurian  age. 
Having  been  prevented  from  detecting  ne  would,  I  doubt  not,  with  his  accus- 
the  unconformity  on  the  west  coast  tomed  candour,  have  been  ^he  foremost 
which  has  since  been  noticed,  we  natu-  to  adopt  the  improved  classification, 
rally  concluded,  with  M'Culloch  and  §  See  the  observations  of  Logan  and 
others,  that  the  conglomerate  of  the  Salter,  which  show  that  the  character- 
west  coast  was  of  the  same  age  as  that  istic  fossils  of  each  of  these  Umestone- 
on  the  east ;  an  erratum  which  will  be  bands  may  be  found  associated  in  the 
specially  dwelt  upon  in  the  1 1  th  chapter,  limestone  of  the  Ottawa  River ;  Report 
when  treating  ofthe  Old  Red  Sandstone,  of  the  British  Association  for  the  Ad* 


* 


See  M'Culloch's  Western  Islands    vancementof  Science,l851,Sect.p.6d. 
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groups  resemble  each  other,  to  a  great  extent,  in  mineral  composition, 
as  well  as  in  their  fossil  contents.  All  these  remains  will  be  noticed  in 
the  ensuing  chapter,  with  woodcuts  representing  the  principal  forms. 

The  age  of  the  fossiliferous  rocks  being  thus  definitively  settled,  it 
follows,  that  the  subjacent  red  sandstone,  grit,  and  conglomerate  must 
form  either  the  natural  base  of  such  Lower  Silurian,  or  belong  to  the 
remoter  Cambrian  era.  Now,  from  observations  which  were  made  last 
year,  combined  with  the  discoveries  of  Mr.  Peach,  it  is  certain  that  the 
first  of  these  views  cannot  be  entertained ;  for  it  has  been  clearly  de« 
monstrated  that  the  lowest  beds  of  the  quartz-rock  series  overlap  trans- 
gressively  or  unconformably  the  edges  of  the  subjacent  red  sandstone  and 
conglomerate*.  By  this  phenomenon  we  are  taught,  that  an  interval 
elapsed  between  the  completion  of  the  pebbly  and  gritty  beds  that  con* 
stitute  the  upper  masses  of  the  mountains  represented  in  the  following 
vignette,  and  the  commencement  of  the  deposit  of  those  sandy  and  cal- 
careous beds,  since  converted  into  quartz  and  marble  layers,  in  which  the 
Lower  Silurian  fossils  were  entombed  (c^  &  c*  of  the  section  at  p.  199). 

It  follows,  therefore,  that  the  subjacent  red  sandstone  and  conglome- 
rate, hy  reposing  upon  the  most  ancient  gneiss  known  in  Scotland,  are  to 
be  considered  of  the  same  date  as  the  similarly  constituted  purplish-red 
and  pebbly  sandstones  of  the  Longmynd  ;  which,  in  the  typical  region 
of  Shropshire,  underlie  all  the  Silurian  strata  (p.  23).  There,  however, 
as  well  as  around  Harlech  in  N.  Wales,  these  Cambrian  rocks  graduate 
upwards  into  the  superjacent  Silurian  rocks,  and  the  period  occupied  in 
the  development  of  the  formation  of  Lingula  flags  fills  up  the  interval 
which  is  marked  by  the  break  in  the  N.W.  of  Scotland.     The  Durness 


*  Although  Prof.  Nicol  and  mjself  saw 
dearly,  in  the  Bummer  of  1855,  the  infra- 
position  of  a  red  oonslomerate  and  sand- 
Btone  to  the  quartz  ro<^8  and  limeetones  of 
Aseynt  (as  observed  aUo  by  Hugh  Miller), 
we  were  prevented  by  Btorms  from  euffi- 
denUy  extending  our  obseryatious  to  as- 
certain if  there  was  any  break  between 
these  two  deposits.  Being  aware  that  my 
friend  Colond  James,  B.£.,  the  Superin- 
tendent  of  the  Ordnance  Survey,  was  about 
to  explore  these  tracts  on  a  tour  of  duty  in 
the  rollowing  summer,  and  knowing  his 
talent  as  a  field  geologist,  I  requested  him 
to  look  to  the  relations  of  the  beds ;  and  I 
haye  much  pleasure  in  stating,  that  I  was 
first  made  acquainted  by  him  with  the  fact 
of  the  unconK>rmability  of  the  older  to  the 
younger  formation  along  the  fiank  of  Suil* 
vein  (July  1856).  Later  in  that  summer, 
Prof.  Niool  observed  the  same  phenomenon 
on  a  larger  scale,  and  skilfully  ascertained 
that  it  extended  over  a  larger  area  of  the 
western  shores  of  the  Higmands.    See  his 


memoir  '  On  the  Bed  Sandstone  and  Con- 
glomerate and  the  superposed  Quartz-rock 
Limestone  and  Ghieiss  of  the  N.W.  coast  of 
Scotland,'  Quart.  Joum.  Geol.  Soc.  Lond. 
vol.  xiii.  p.  17,  &c.  with  clear  and  accu- 
rate sections.  It  is  right  to  remark,  that 
part  of  the  overlying  group  here  spoken  of 
as  gneiss  is  merely  one  of  the  Lower  Silu- 
rian rocks  rather  more  altered  than  the 
other  strata  of  quartz,  marble,  &c.,  and  is 
of  a  very  difierent  character  from  the  im- 
measurably older  granitoid  gneiss,  which 
is  represented  in  the  following  sketch  and 
section,  as  forming  the  buttresses  on  which 
the  red  sandstones  and  conglomerates  of 
Cambrian  age  are  seen  to  repose. 

The  younger  gneiss,  extending  in  undu- 
lations to  the  E.  of  Loch  £ribol,  was,  in- 
deed, long  ago  described  by  Prof.  Sedg- 
wick and  myself  as  overlying  those  lime- 
stones and  quartzites  which  have  now  been 
ascertained  to  be  of  Lower  Silurian  age 
(see  Trans.  0ool.  Soc.  Lond.,  n.  s.,  vol.  iii. 
p.  125,  &c.). 
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fossils  are  of  the  Lower  Llandeilo  age,  and  indicate  a  zone  but  little 
younger  than  the  Potsdam  sandstone  of  N.  America,  -which  I  regard  as 
equivalent  to  the  Lingula  flags  of  England,  the  alum  slates  of  Scandi- 
navia, and  the  *Zone  primordiale'  of  Bohemia.  It  is,  therefore,  a  &ir 
inference,  that  in  the  north  of  Scotland  the  base  of  the  Silurian  system 
is  represented  by  the  lowest  quartz  rock  (c^  of  the  opposite  section), 
which  is  seen  to  repose  transgressively  on  the  Cambrian  rocks. 


Coulbcff. 


Mountains  of  the  West  Coast  op  Suthebland  aitd  Ross. 

The  above  pictorial  view,  from  a  sketch  in  my  possession  taken  by  that  accomplished 
Highland  chieflainess  the  late  Duchess  Countess  of  Sutherland,  represents  the  three 
isolated  mountains  of  Coul-beg,  Suil-vein,  and  Coul-more.  The  strata  of  red  sandstone 
and  conglomerate  (now  known  to  be  Cambrian ;  b  of  the  opposite  section)  may  be 
distinguished  by  the  horizontal  lines  marking  the  stratification.  The  lower  buttresses 
of  the  mountains  are  composed  of  the  ancient  gneiss  with  granite  veins  (a  of  the  section). 

Hugh  Miller's  description  of  these  great  masses  of  red  and  chocolate-coloured  oon- 
fflomerate  and  hard  sandstone,  which  are  seen  reposing  upon  the  oldest  gneiss  of  Scot- 
land, and  which,  as  above  explained,  are  overlaid  in  theur  range  to  the  north  by  the 
Lower  Silurian  quartz  rocks  and  limestones  of  Assynt  and  Durness,  is  so  eloquent  and 
so  true,  that  I  gladly  cite  a  portion  of  it.  "  Rising  over  a  basement  of  rugged  gneiss 
hills,  that  present  the  appearance  of  a  dark  tumbling  sea,  we  descry  a  line  of  stupendous 
pyramids  from  2000  to  3000  feet  in  height,  which,  though  several  miles  distant  in  the 
background,  dwarf^  by  their  great  size,  the  nearer  eminences  into  the  mere  protu- 
berances of  an  uneven  plain.  Their  mural  character  has  the  effect  of  adding  to  their 
apparent  magnitude.  Almost  devoid  of  vegetation,  we  see  them  barred  by  the  lines  of 
the  nearly  horizontal  strata,  as  edifices  of  man's  erection  are  barred  by  their  courses  of 
dressed  stone ;  and  while  some  of  their  number,  such  as  the  peaked  hill  of  Suil-vein, 
rise  at  an  angle  at  least  as  steep  and  nearly  as  regular  as  that  of  an  Egyptian  pyramid, 
in  height  and  bulk  they  surpass  the  highest  Egyptian  pyramid  many  times.  Their 
colour,  too,  lends  to  the  illusion.  Of  a  deep  red  hue,  which,  in  the  light  of  the  setting 
sun,  brightens  into  a  glowing  purple,  they  contrast  as  strongly  with  uie  cold  grey  tone 
of  the  gneiss  tract  beneath,  as  a  warm-coloured  building  contrasts  with  the  earth-tinted 
street  or  roadway  over  which  it  rises." 

In  following  these  metamorphic  strata  from  Sutherland  along  the  west 
coast  of  Eoss-shire,  I  entertained  no  doubt  that  the  crystalline  lime- 
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stones  on  the  shores  of  Loch  Keeshom, 
Loch  Carron,  Loch  Al»h,  and  Loch 
Duich,  with  the  associated  chlorite- 
schist,  mica-schist,  and  quartz-rock,  are 
of  the  same  age  as  the  lower  quartz 
and  limestone  of  Sutherland,  like  which 
they  are  also  overlaid  by  the  rock  mapped 
by  M^Culloch  as  gneiss  (c*  of  section). 
To  satisfy  myself  on  this  point,  I  tra- 
versed the  lofty  watershed  which  sepa- 
rates Kintail  from  Strath  Glass,  ascend- 
ing from  Inverinat  through  the  striking 
pass,  the  Bealloch  of  Kintail,  to  Loch 
Affric,  and  there  found  a  vast  thickness 
of  regularly  bedded  gneissose,  mica- 
ceous, and  quartzose  rocks,  all  of  which 
have  the  same  strike  as  the  fossiliferous 
rocks  of  Sutherlandshire ;  and  which, 
despite  of  undulations,  have  also  a  pre- 
valent dip  to  the  E.S.E. 

The  accompanying  long  section  shows 
the  general  relations  of  all  these  North 
Scottish  rocks  from  the  most  ancient 
gneiss  through  the  Cambrian  and  Lower 
Silurian  to  the  summit  of  the  Old  Bed 
Sandstone  on  the  eastern  coast. 

Li  concluding  these  observations 
on  the  Silurian  rocks  of  Britain^  let 
me  specially  call  the  attention  of  the 
reader  to  the  direct  bearing  which 
the  discovery  of  the  above-mentioned 
fossils  in  Sutherland  must  have  in 
determining  the  true  geological  age 
of  a  very  large  portion  of  the  strati- 
fied crystalline  rocks  of  the  western 
and  central  Highlands. 

It  is,  indeed,  gratifying  to  me  to 
find,  that  the  theoretical  view  I  pub- 
lished some  years  ago,  and  have  re- 
peated in  this  work  (see  p.  179),  seems 
now  to  be  fiilly  sustained — viz.  that 
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the  great  moimtamouB  expanses  of  argillaceous^  chloritic^  and  mica- 
ceous schists  with  intercalated  quartz  rocks,  marble,  and  limestones, 
which  constitute  the  chief  portion  of  the  so-called  primary  rocks 
of  the  west  of  Scotland,  and  extend  &om  Dumbartonshire,  through 
Argyllshire  and  Inverness-shire,  into  Boss-shire  and  Sutherland,  are 
on  the  whole  the  metamorphosed  prolongations  of  the  Lower  Silurian 
rocks  of  the  South  of  Scotland. 

We  now  further  know,  that  these  crystalline  masses  of  Lower 
Silurian  age  overlap  those  red  sandstones  and  conglomerates  which, 
much  older  than  the  Silurian  red  conglomerate  of  Ayrshire  (p.  171), 
are  doubtless  the  equivalents  of  the  Longmynd  or  Cambrian  rocks ; 
whilst  the  latter  repose  upon  ancient  gneiss  rocks,  which  are  no- 
where exhibited  in  England  and  Wales. 

The  natural  sections  of  the  British  Isles  enable  me,  therefore,  to 
sustain  the  view  put  forth  in  the  earlier  pages  of  this  volume,  which 
presented  to  the  reader  the  general  order  of  the  primeval  rocks*. 

*  See  the  generalized  diagram  at  p.  2\,  in  which  gneiss  is  represented  as  the 
fundamental  rock,  though  not  seen  as  such  in  the  Silurian  region. 
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CHAPTER  IX. 

OBGAKIC  REMAINS  OF  THS  LOWER  SILURIAK  ROCKS. 

A  PULL  acquaintance  with  the  Silurian  fossils  of  the  British  Isles 
can  be  gained  only  by  a  study  of  the  various  works  in  which  they 
have  been  successively  described.  Of  these  works^  the  first  in  which 
the  fossils  were  classified  and  placed  in  their  true  geological  posi- 
tion^ is  the  ^  Silurian  System'*^  ;^  the  next  is  a  Report  on  the  Silu- 
rian fossils  of  Tyrone^  by  Colonel  Portlock ;  a  thirds  on  the  Silurian 
fossils  of  Ireland,  by  Professor  M^Coy.  Then  follow  various  pub- 
lications of  the  Government  Geological  Survey,  particularly  the 
volume  on  the  Malvern  and  Abberley  Hills,  by  Professor  Phillips,  and 
certain  monographs,  descriptive  of  both  Lower  and  Upper  Silurian 
forms,  in  the  Decades  of  the  G^logical  Survey,  by  the  late  Professor 
E.  Forbes  and  Mr.  Salter.  Notices  of  these  fossils  have  also  been 
published  by  Mr.  Sharpe  and  other  writers  in  the  volumes  of  the 
Quarterly  Journal  of  the  Geological  Society  of  London ;  and  a  de- 
t^ed  description  of  the  Upper  Silurian  brachiopods,  by  Mr.  David- 
son, has  appeared  in  the  Bulletin  of  the  Geological  Society  of  France. 
In  the  last  memoir,  nearly  all  the  British  species  are  figured  and 
described.  The  same  author  has  published,  in  the  volumes  of  the 
Falseontographical  Society,  an  able  monograph,  detailing  the  genmc 
characters  of  all  the  Silurian  brachiopods.  Lastly,  a  most  important 
addition  has  been  recently  made  to  our  knowledge  of  the  British 
fossils  of  this  age  through  the  publication,  by  Professor  Sedgwick, 
on  the  fossils  of  the  Woodwardian  Museum  of  Cambridge.  This 
work,  to  which  references  are  often  made  in  the  present  volume, 
contains  elaborate  descriptions  of  upwards  of  300  species,  by  Pro- 
fessor M^Coy,  with  figures  of  the  new  forms. 

The  reader,  who  may  consult  these  various  works,  will  find  that, 
whilst  a  marked  division  was  at  first  particularly  insisted  on,  by  my- 

*  The  sheUfl  of  the' Siloiian  System'  some  of  the  species  in  his  'Mineral 
were  described  by  James  de  C.  Sowerby,  Concholosy .'  The  latter  were  chiefly 
who  had  previously  figured  and  described    from  the  W  enlock  limestone. 
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self,  as  existing  between  the  Lower  and  Upper  Silurian,  subsequent 
researches,  extended  over  large  areas,  have  shown  that  the  two 
groups  are  much  more  closely  knit  together  in  one  natural  series 
than  I  formerly  supposed ;  it  being  now  well  ascertained,  as  already 
explained,  that  a  considerable  number  of  chalracteristic  fossils  are 
common  to  the  inferior  and  superior  members  of  the  system,  and 
that  the  two  are  zoologically  united  through  the  intermediate  ^Llan- 
dovery rocks.*  In  the  course  of  the  observations  which  follow,  this 
generalization  will  be  placed  in  a  clearer  point  of  view. 

In  the  earlier  chapters  of  this  work,  the  fossils  of  the  Longmynd 
rocks,  Lingula  zone,  and  the  lower  part  of  the  Llandeilo  strata,  have 
been  Ailly  adverted  to.  In  describing  the  succeeding  formations, 
however,  the  characteristic  species  alone  have  been  cited,  and  it  is 
now  desirable  to  give  a  more  complete  view  of  the  general  charac- 
ters of  the  chief  mass  of  the  Lower  Silurian  &una,  or  of  the  Llan- 
deilo and  Caradoc  formations. 

Among  the  organic  remains  of  the  Lower  Silurian  rocks,  Oraptolites 
have  been  abready  often  alluded  to,  being  a  form  of  polypes  characteristic 
exclusively  of  the  Silurian  era  (see  p.  64),  and  which  must  have  in- 
habited a  sea  with  a  muddy  bottom.  Of  those  forms  which  specially  mark 
the  Lower  Silurian  rocks,  the  double  graptolite  (Diplograpsus),  and  the 
twin  graptolite  (Didymograpsus),  are  the  most  common  in  Britain. 
Diplograpsus  pristis,  p.  64,  Foss.  11.  f.  4,  ranges  from  the  base  of  the 
Llandeilo  flags  to  the  Caradoc  sandstone  inclusive ;  D.  folium,  ib.  f.  6,  is 
common  in  the  anthracite  beds  of  Scotland  (as  well  as  in  the  alum  slates, 
or  Lingula  zone,  of  Sweden)  ;  and  there  are  at  least  two  other  forms,  in- 
cluding D.  foliaceus,  PL  1.  f  2,  in  Wales. 

There  is  a  curious  half-branched  species,  Diplograpsus  ramosus. 
Hall,  figured  Foss.  11.  f.  7,  which  seems  to  lead  off  to  the  twin  grap- 
tolite, Didymograpsus,  of  which  we  have  several  species  in  England. 
Of  these,  Didym.  geminus  of  Hisinger  has  already  been  quoted,  Foss.  8. 
f.  8.  p.  50 ;  and  D.  Murchisoni,  Foss.  11.  f.  9,  is  one  of  our  commonest 
Welsh  species.  The  N.  American  form,  D.  sextans  of  Hall,  Foss.  11. 
f.  8,  is  found  in  the  S.  of  Scotland ;  and  there  is  yet  another  two-winged 
graptolite  (probably  the  same  as  a  Canadian  species,  D.  caduceus,  Salter) 
in  the  slates  of  Wexford. 

Of  the  simpler  forms,  those  with  teeth  on  one  side  only  of  the  branches, 
Bastrites  and  Oraptolites,  the  former  is  abundant,  as  above  cited.  Chap.  3. 
p.  64,  in  North  Britain,  where  also  the  Oraptolites  priodon,  PI.  12.  f.  1, 
occurs  in  plenty,  though  not  quite  so  low  in  the  series.  This  last  fossil 
ranges  from  the  Lower  Silurian  to  the  Upper  Ludlow  rock. 
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Opinion  has  been  divided  among  naturalistB  as  to  the  tme  position  of 
Grraptolites  in  the  animal  kingdom.  Of  late  tbey  have  been  generally 
regarded  either  as  zoophytes  of  the  Alcyonarian  order,  or  as  belonging 
to  the  Bryozoa  (Polyzoa) .  That  they  were  of  the  latter  group  seems  now 
rendered  almost  certain  by  the  discovery  of  a  form  intermediate  between 
them  and  the  EenestellsB  next  to  be  noticed. 

This  is  the  Graptopora  (or  Phyllograpsus,  as  it  has  been  called  by 
M.  Angelin),  which,  as  already  noticed,  p.  47,  occurs  in  the  Lingula  flags 
of  Wales  and  Shropshire.  It  combines  with  the  shape  and  general  cha- 
racters of  the  net-like  Bryozoa,  the  texture  and  the  form  of  the  cells  of 
the  graptolite,  and  may  be  regarded  as  a  bundle  of  these  animals  imited 
by  processes  into  a  reticulated  cup.  Some  curiously  complex  branched 
forms  of  graptolites,  discovered  by  Sir  W.  £.  Logan  in  Canada,  complete 
the  chain  of  affinities  between  the  Graptolites  and  the  Fenestellidie. 

But  besides  these  inhabitants  of  ancient  muddy  seas,  which  are,  as  be- 
fore said,  exclusively  Silurian  in  all  quarters  of  the  globe,  other  forms  of 
Bryozoa  are  seen  even  in  the  lower  portion  of  these  deposits,  and  they 
are  abundant  throughout  the  series.  These  were  formerly  confounded 
with  the  true  corals,  and  in  the  eye  of  the  field-geologist  would  still  pass 
for  such,  though  they  are  really  low  forms  of  mollusks,  having  even  no 
distant  affinities  with  the  Brachiopoda !  They  are  here  united  in  the 
same  woodcuts  (Foss.  27  &  28)  with  the  true  corals. 


Fossils  (27).    Lowsb  Silubiah  Bbyozoa  akb  Zoophttis. 


1.  Fenertella 
■abantiqaa  of 
D'Oxb.  a.  PtUo- 
dktjm»cttta,Hall. 
3.  Nidulites&Tus, 
SaJter.  4.  Sard, 
nula  (Syringo- 
phyllum,  Milne- 
E<hr.  and  Haime) 
organnm,  Linn. 


5.  HeUolitca  in- 
ordinatus,  Lonad. 
6.FaToaiteaGoth- 
landicos,  Gold> 
fiiaa.  7.  Helio> 
litea  megastoma. 
If  *Co7,  a  specie* 
with  large  cells, 
found  in  Pem- 
brokeshire. 


The  species  with  a  net-like  form,  Fenestella  and  Eetepora,  just  re- 
ferred to,  though  occasionally  met  with  in  Caradoc  rocks,  are  not 
common  as  Lower  Silurian  forms.  The  most  frequent  are  flat  branched 
forms  allied  to  the  living  Eschara  of  our  coasts,  and  which  are  known 
by  the  name  Ptilodictya,  Lonsdale  (Escharopora,  Hall).  P.  dichotoma, 
Foss.  28.  f.  5,  and  P.  acuta,  Foss.  27.  f.  2,  are  common  species,  and 
occur  low  down  in  the  series.  The  more  expanded  forms,  P.  explanata, 
M*Coy,  and  P.  fucoides,  M*Coy,  are  found  rather  in  the  upper  portions 
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of  the  true  Caradoc  strata  in  "Wales.  Here,  too, — if  not  in  a  still  higher 
series,  or  at  the  base  of  the  Llandovery  rocks, — the  Fenestella  subantiqua, 
D'Orb.  (F.  antiqna,  Sil.  Syst.),  Foss.  27.  f.  1,  makes  its  appearance. 
There  are  also  some  other,  both  branched  and  encrusting  forms,  which 
occur  in  the  higher  Caradoc  strata  of  Wales.  Glauconome  disticha, 
Foss.  48.  f.  5,  and  Fenestella  Milleri,  f.  4,  are  Wenlock  fossils,  which 
are  found  in  the  calcareous  Lower  Silurian  slates  of  Llansaintffindd 
Glyn  Ceiriog  in  Denbighshire*. 

Of  the  true  corals,  the  most  prevalent  are  certain  species  of  the  genera 
Halysites,  Heliolites  or  Fals&opora  (Pontes,  Sil.  Syst.),  Stenopora,  Fa- 
vosites,  and  Fetraia. 

FossiiB  (28).    LowEB  SiLUBiAV  BsYOzoA  Ain>  Zoophytes. 


1 .  Stenopora  flbroaa, 
Goldf.  9.  The  same 
■pedes,  Tsriety  Ljeo- 
perdoD,  Hallt  3.  Pe- 
traia  aubduplicata, 
M'Coy;  rarely  found 
in  the  Caradoc  strata. 


4.  Halysites  eatena- 
lariua,  Linn.  5.  Pti- 
lodictya  dichotoma, 
Portlock.  6.  Retepo- 
ra  Hiaingeri,  M'Goy ; 
Caradoc  rocks  of 
Westmoreland. 


One  of  the  most  striking  of  these  bodies,  which  ranges  into  and  abounds 
in  the  Upper  Silurian,  and  is  widely  spread  through  various  countries, 
is  the  Halysites  catenularius  of  Linnaeus,  Foss.  28.  f.  4,  the  well-known 
*  chain-coral '  (Catenipora  escharoides  of  the  *  Silurian  System  * ) .  Another, 
still  more  abundant  in  the  lower  rocks,  is  the  Stenopora  (Favosites) 
fibrosa,  both  branched,  f.  1,  and  hemispherical,  f.  2.  The  Fetraia  sub- 
duplicata,  f.  8,  is  but  rarely  found  below  the  horizon  of  the  Llandovery 
rocks :  P.  rugosa,  Phill.,  and  P.  aequisulcata,  M*Coy,  are,  however,  not 
unfirequent  Caradoc  species. 

Others,  less  common,  are  the  Stromatopora  striatella,  Chap.  10,  Foss. 
60 ;  Heliolites  (Pontes)  interstinctus,  p.  132,  Foss.  18 ;  H.  inordinatus, 
Foss.  27.  f.  5;  H.  megastoma,  f.  7.  Both  these  last  are  plentiful  at 
Bobeston  Wathen  in  Pembrokeshire.  The  Heliolites  petalliformis, 
Chap.  6,  Foss.  18.  f.  2,  and  H.  tubulatus,  ib.  f.  1,  have  also  been  quoted 
by  M*Coy  from  the  Caradoc  rocks  of  Westmoreland :  H.  favosus  of  the 
same  author  is  a  rare  Lower  Silurian  species  from  Ayrshire.  We  have 
also  Favosites  GK)thlandicus,  Foss.  27.  f.  6;  F.  alveolaris,  p.  132,  Foss.  17; 
and  the  Sarcinula  (or  Syringophyllum)  organum,  Linn.,  Foss.  27.  f.  4, 

*  The  curious  fossil  figured  in  Foss.  far  more  nearly  Uke  the  Bryozoa  than 

27.  f.  3,  Nidulites  favus,  belongs  truly  any  true  coral ;  yet  the  size  of  the  cells 

to  the  Llandovery  rocks,  and  will  l>e  is  gieantic  for  that  group.     It  may  even 

noticed  under  them.     It  appears  to  be  be  the  nidus  of  a  gasteropod. 
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found  in  the  slates  of  Westmoreland,  and  in  the  Upper  Silurian  lime- 
stone of  Gothland  in  Sweden.  Nebulipora  of  Professor  M'Coy,  a  new 
genus,  contains  two  or  three  species  of  minute-celled  corals,  resembling 
Favosites,  and  is  chiefly  Lower  Silurian.  One,  the  Nebulipora  fayulosa 
of  Phillips,  figured  in  the  woodcut,  p.  55,  Foss.  10.  f.  22,  is  very  common 
in  the  Llandeilo  flags ;  and  a  Tariety  of  it,  Nebidipora  lens,  M'Coy,  is 
one  of  the  most  characteristic  Caradoc  fossils,  p.  74 :  N.  papillata,  M'Coy, 
is  both  a  Lower  and  an  Upper  Silurian  fossil. 

The  reader  has  before  him  in  these  woodcuts  a  few  only  of  the 
corals  which  most  frequently  occur  in  Lower  Silurian  strata;  but  if 
he  wishes  to  study  many  other  forms  of  these  fossils^  particularly 
those  in  the  Upper  Silurian  rocks^  where  corals  are  much  more 
abundant^  he  must  consult  the  clear  and  faithful  descriptions  of 
them  given  by  Mr.  Lonsdale  in  the  ^  Silurian  System^'  in  which 
work  62  species  are  accurately  figured^.  By  reference  to  the  au- 
thority of  that  valued  friend^  who  assisted  me  so  materially  in  pre* 
paring  my  original  volumes^  and  to  the  works  above  cited^  it  will 
be  seen  that^  of  the  seventeen  or  eighteen  species  here  mentioned 
as  found  in  the  Lower  Silurian^  no  less  than  eighty  including  the 
chain-coral^  the  Favosites  alveolaris  and  F.  Gothlandicus^  the  spe- 
cies of  Heliolites^  and  the  Stromatopora  striatella^  are  still  more 
abundant  in  the  upper  division  of  the  system. 

Of  Crinoids,  or  the  lily-shaped  tenants  of  the  deep,  most  of  which 
were  attached  by  their  root  or  base  to  submarine  rocks,  the  inferior 
strata  of  the  Silurian  epoch  have  in  general  afforded  fragments  only. 
Referring  the  reader  therefore  to  the  Plates  13-15  of  this  work,  as 
containing  the  forms  best  known  in  the  Silurian  rocks  when  my 
work  was  published,  it  is  enough  now  to  state,  that,  for  the  most 
part,  broken  portions  of  the  stems  only  of  Encrinites  have  been 
detected  in  the  earlier  portion  of  these  deposits  in  Britain. 

One  brilliant  exception,  however,  is  the  Glyptocrinus  basalis,  M*Coy, 
a  crinoid  found  in  the  Lower  Silurian  slates  of  North  Wales ;  fine  spe- 

*  The  paleoBtologist  will  idso  natu-  Iteontograph.  Society,  1854.  I  must  also 

rally  consult  the  writings  of  Milne-  specially  lefer  the  naturalist  to  Dana's 

Edwards  and  Jules  Uaime,  Archives  du  magnificent  work  on  Zoophytes, recently 

Mus^m  d'Histoire  Naturelle,  vol.  v.,  published  as  part  of  the  results  of  the 

who  have  shown  that  several  of  the  '  United  States  Exploring  Expedition ; ' 

corals  which  were  supposed  to  be  com-  and  to  the  descriptions  and  figures  of 

mon  to  the    Silurian    and   Devonian  Professor  M'Coy,  in  Professor  Sedg- 

systems  are  not  identical.   See  their  mo-  wick's  work,  Descript.  Brit.  Pal.  Foss. 

nograph  in  the  pubtications  of  the  Pa-  of  the  Woodwardian  Museum. 
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cimens  of  it  are  to  be  seen  in  the  Museum  of  Practical  Geology  in 
Jermyn  Street,  and  in  the  "Woodwardian  collection  at  Cambridge ;  and 
there  is  a  species  or  two  in  the  Llandeilo  flags  of  Shelve,  Shropshire. 

Fossils  (29). 


GlTptocrinoB  ba^alis,  M*Coj.  KM  A  Lower  Silurian  crinoid, 


Next  in  order  come  those  remarkable  animals,  whose  globular  forms 
and  strong  external  plates  have  often  enabled  them  to  resist  destruction 
better  than  the  delicately  constructed  and  slender-stemmed  Encrinites : 
— these  are  the  Sphsronites  of  old  authors.  They  are  the  Cystidea  of 
Yon  Buch.  Abounding  in  the  Lower  Silurian  of  Scandinavia  and  Bussia, 
they  were  long  ago  described  by  Linnaeus  and  Gyllenberg,  whilst  they 
have  had  much  new  light  thrown  on  their  natural  affinities  by  Von 
Buch,  Volborth,  the  Due  de  Leuchtenberg,  and  Edward  Forbes.  They 
constituted,  in  the  primeval  era,  the  representatives  of  the  sea-urchins 
or  Echinidffi  of  the  secondary  and  tertiary  periods  and  of  the  present 
day.  They  have  affinity  with  Crinoids  on  the  one  hand  (some  pos- 
sessing very  perfectly  formed  arms  and  tentacles)  and  with  sea-urchins 
on  the  other*,  and  have  been  divided  into  genera  called  Echinosph^- 
rites,  Caryocystites,  Sycocystites,  Hemicosmites,  Cryptocrinites,  Ac, 
some  of  which  are  here  figured  f. 

They  usually  occur  in  clusters,  on  the  shaly  surface  of  beds  of  lime- 
stone, resembling  bunches  of  enormous  grapes;  and  in  Sweden  and 
Eussia,  where  thus  developed,  they  are  associated  with  Orthidae  and 
other  shells  of  the  Lower  Silurian  rocks.  In  Britain  they  had  not  been 
found  when  the  Silurian  classification  was  published;  but  by  the  re- 
searches of  the  Grovemment  Surveyors  they  have  been  detected,  and 
pretty  plentifully,  in  strata  first  described  by  me  as  Llandeilo  flag,  at 

*  The  views  expressed  in  the  text  '  iiber  Cystideen,'  Trans.  Berlin.  Acad, 

are  those  of  Edward  Forbes.    The  Cys-  1845 ;  Volborth,  'liber  die  Echino-£n- 

tidea,  at  least  several  of  them,  have  a  crtnen/  Bull.  So.  Acad.  St.  Petersburg, 

close  affinity  with  the  Pentremites  of  t.  x.,  and  Bull.  Phys.  Math.,  ib.  t.  iii. 

the  mountain  limestone.  No.  6 ;  Beschr.  Thier.  Silur.  Kalk.  v. 

t  Other  forms  of  these  Cystidea  are  Max.  Herz.  v.  Leuchtenberff,  St.  Pe- 

S'ven  in  the  work,  *  Russia  and  the  Ural  tersb.  1843;  and  £.  Forbes,  Mem.  Geol. 

[ountains,'  vol.  ii.   See  also  Von  Buch,  Surv.  1848,  vol.  ii.  pi.  2. 
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Sholeshook,  Pembrokeshire  (seep.  68) ;  strata  now  known  to  belong  to 
the  Caradoc  or  Bala  rocks.  Indeed,  in  Britain  .they  are  not  observed 
to  occur  lower  down  in  the  series ;  although,  in  Bohemia^  some  species 
are  found  in  rocks  of  the  age  of  the  Lingula  flags. 

The  usual  forms  in  our  country  are  species  of  Echinosphsrites  and 
CaiyocTstites.  Echinosphierites  aurantium,  the  commonest  species  in  the 
north  of  Europe,  is  rare  in  Britain ;  but  £.  Balticus,  Poss.  30.  f.  I,  and 
Caryocystites  gninatum,  f.  5,  both  of  them  frequent  in  the  Lower  Silurian 
of  Scandinavia,  are  found  profusely  in  my  old  fossil-bearing  locality  of 
Sholeshook  in  Pembrokeshire ;  and  thus  our  British  Silurians  are  well 
paralleled  with  their  foreign  analogues.  Echinosphierites  arachnoideus, 
Porbes,  occurs  with  them,  and  Caryocystites  Litchi,  Porbes,*  a  globular 
species  covered  over  with  pores  placed  in  pairs,  and  having  five  pro- 
tuberances round  the  mouth.  EchinosphsBrites  punctatus,  f.  2,  and  Ca- 
ryocystites munitus,  f.  4,  are  common  species  at  Bala ;  and  a  fine  species 

FoesiLB  (80).    LowxB  Silusuh  Ctbtidxavb. 


BalticuB,  Eichw.     2.  E.  W|^   .   W^^^  t  ^"^/^'^^^^^^ 

puncttus.    Forbes.      8.  ^TZ^^^^^^K^  ^'YT'    f-  ^-gnmatum. 

Ovarian  pyramid  of  E.  ^^^^     <^^  B^l^^T"'" 

gnBiulatu«,M'Coy.  ^<^  ISSK^SSa     NP*  Buohianus,  Forbes. 


of  Glyptocystites,  a  genus  which  has  the  two  halves  of  the  cup  dififerently 
constructed,  has  been  found  in  the  Lower  Silurian  shales  near  Llan- 
dovery. One  exceedingly  rare  and  curious  form,  belonging  to  a  difiTerent 
group  from  the  others,  and  more  resembling  the  Silurian  genus  Pseudo- 
crmites  in  its  structure,  possesses  arms,  which  are  afi&xed  like  the  spokes 
of  a  wheel  on  the  upper  surface.  It  has  been  found  in  North  Wales, 
and  is  figured  in  the  Memoirs  of  the  Geological  Survey;  it  is  repre- 
sented above,  f.  6.  Professor  E.  Porbes  named  this  form  Agelacrinites 
Buchianus,  in  honour  of  that  great  geologist,  the  late  Leopold  Yon 
Buch. 

Of  starfish  two  species  were  discovered  in  1844  by  Professor  Sedg- 
wick and  Mr.  Salter  at  Bala.  One  of  these,  Poss.  31.  f.  1,  described  by 
the  late  Edward  Forbes*;  was  thought  by  him  to  belong  to  the  modem 
genus  Uraster,  so  common  on  our  own  shores ;  it  appears,  however,  to 
be  distinct,  and  has  been  lately  named  Pala&astert ;  the  other  was  un- 

*  Memoirs  Geol.  Survey,  Decade  1. 

t  Ann.  and  Mag.  Nat.  Hist,  for  Nov.  1857;  Rep.  Brit.  Assoc.  1856,  Trans. 
Sect.  p.  76. 
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fortunately  lost  when  it  had  been  ascertained  to  belong  to  the  true 
Ophiuroid  group,  and  named  provisionally  O.  Salteri,  by  Professor  Sedg- 
wick.   It  is  probably  a  Protaster  (see  Chap.  7.  p.  141). 

Fossils  (31).    Loweb  Siluriait  Stabvishes. 
1  2 

(Uraster)  obtu-  ^^^^^^^^^  ^^^^^^S^^m^SS^^  '^^  Salter.  A 
BUB,  Forbes.  Bala  ^^^^^^  ^^^jll^^a  ^^^SSk  newspeciea  found 
and  Waterford.        ^^^^^^  i^^    ^m  near  Welshpool. 


The  PalsBaster  obtusus  has  since  been  obtained  from  the  slates  of 
"Wales  and  Ireland,  and  is  represented  in  the  preceding  woodcut, 
together  with  a  new  and  very  distinct  species  from  near  Welshpool — 
the  P.  asperrimus. 

Among  the  shells  of  the  mass  of  the  Lower  Silurian  strata,  above  the 
lowest  or  primordial  zone,  Lingul®  again  occur,  though  of  different  spe- 
cies. The  Lingula  attenuata,  PI.  5.  f.  1,  is  indeed  one  of  the  most  cha- 
racteristic shells  of  the  Llandeilo  formation,  occurring  plentifully  at 
Builth  and  Llandeilo,  in  South  Wales,  and  at  Shelve,  in  Shropshire. 
Other  species  will  be  mentioned  afterwards. 

But  by  far  the  most  abundant  bivalve  shells  of  these  rocks  belong  to 
the  group  of  brachiopods  represented  more  particularly  by  the  genera 
Orthis,  LeptaBna,  and  Strophomena.  With  these  are  associated,  but 
much  more  rarely,  some  forms  of  Terebratula,  or  rather  EhynchoneUa. 
The  genus  Atrypa,  as  well  as  Pentamerus,  has  often  been  quoted  from 
the  Lower  Silurian,  but,  as  will  be  presently  shown,  the  various  species 
of  these  last  two  genera  are  almost  exclusively  found  in  the  middle  and 
upper  portions  of  the  system. 

Although  all  the  well-established  forms  which  were  known  at  the 
period  of  the  publication  of  the  *  Silurian  System  '  are  now  reproduced 
from  the  original  etchings  in  the  annexed  Plates  (5,  6),  attention  will 
here  be  specially  directed  only  to  the  figures  of  those  which  are  found 
in  abundance,  and  are  therefore  useful  indicators,  either  as  characterizing 
one  zone  or  band  of  strata,  or  which,  being  found  to  ascend  through  a 
number  of  beds,  show  therefore  that  they  lived  through  a  long  period  of 
primeval  time. 

The  genus  Orthis  is  one  of  the  most  prolific  forms  of  the  brachiopods 
of  this  period.  The  species  have  generally  one  valve  convex,  the  other 
flat,  and  are  of  a  roundish  outline.  Those  which  most  characterize  the 
Lower  Silurian  are  arranged,  as  before  said,  in  Plates  5  and  6.  Some 
are  figured  in  the  two  following  woodcuts. 

The  specieis  which  are  abundant  in  the  great  mass  of  the  Llandeilo 
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flags  and  Caradoc  sandstone  are  the  following : — Orthis  elegantula,  PI.  6. 
f.  5 ;  O.  testudinaria^  H.  6.  f.  1, 2 ;  O.  vespertilio,  PL  6.  f.  2, 8  ;  and  the 
aimple-pbuted  species  figured  in  the  following  woodcut,  Foss.  82,  viz.  O. 
flabellulum,  f.  1 ;  O.  ActonisB,  f.  2 ;  and  the  variable  O.  calligramma  (vir- 
gata,  Sil.  Syst.),  f.  8,  4. 


Fossiu  < 


LOWXB  SiLUBIAN  BbACBIOFODB. 


1.  Orthis  flft- 
bdlnlum.  2.  O. 
Actonitt.  3,4. 
O.  calligramma, 
Dalmaa;  twoya- 


Chancteristic 
Lower  Silunan 
forma  of  aimple- 
plaitedOrthidea. 


Among  other  species  frequent  in  the  lower  division,  and,  as  far  as  I 
know,  peculiar  to  it,  are  the  O.  insularis,  Pander,  not  here  figured* ; 
O.  altemata,  PL  6.  f.  6 ;  O.  confinis,  Salter ;  O.  striatula,  Emmons,  Foss. 
88.  f.  8,  not  published  in  the  '  Silurian  System,'  but  still  a  very  common 
British  species,  and  the  most  abundant  Orthis  of  this  epoch  in  North 
America. 

O.  porcata,  O.  turgida,  O.  sagittifera,  and  O.  Himantensis,  described 
by  M'Coy,  are  other  species  of  the  Lower  Silurian,  found  in  Wales. 

Wherever  several  of  these  forms  of  Orthis  are  found,  the  geologist 
may  be  pretty -sure  that  he  is  working  in  Lower  Silurian  rocks ;  and 
among  these  species  it  should  be  noted,  that  the  Orthis  Actoni®,  the 
more  simple-ribbed  varieties  of  O.  calligramma,  and  particularly  the  O. 
striatula  just  mentioned,  are  the  characteristic  Idandeilo  species ;  while 
O.  vespertilio  and  O.  flabellulum  are  very  common  in  the  Caradoc  sand- 
stone. There  is  not  much  difference  in  the  dbtribution  of  these  common 
brachiopods  in  the  two  groups  of  rocks,  except  as  regards  their  propor- 
tionate numbers  in  each ;  but  most  of  the  other  species  above  mentioned 
do  not  range  lower  than  the  Caradoc  formation,  while  O.  elegantula  and 
O.  calligramma  occur  in  the  Upper  Silurian, — ^the  former  abundantly. 

Five  of  the  above  species  at  least,  the  O.  insularis,  O.  testudinaria, 
O.  elegantula^  Q.<  calligramma,  and  O.  biforata  or  lynx  (formerly  called 
Spirifer  lynx),  Foss.  83,  f .  4,  are  quite  common  in  the  Lower  Silurian 
of  North  America,  Bussia,  and  Sweden ;  and  are  everywhere  abundant 


*  This  oommon  and  charaoteristic 
species  ought  to  have  been  introduced 
in  the  woodcuts.  A  good  figure  of  it 
will  be  found  in  the  G^l.  of  B.ii88ia, 
vol.  ii.  pi.  B,  f.  7.     A  much  rarer  fossil. 


the  Porambonites  intercedens,  which  is 
known  under  several  names  in  Dr.  Pan* 
der's  work,  has  been  described  by  Prof. 
M*Coy  from  the  Lower  Silurian  beds  of 
the  Wrae  Quarry,  Peeblesshire. 
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in  thofle  British  locaLities  originally  defined  by  me  as  Lower  Silurian,  as 
well  as  in  North  Wales  and  Ireland.  The  last-named  two  species  occur, 
though  rarely,  in  the  Wenlock  limestone  of  Britain.  The  same  is  the 
case  with  O.  porcata,  M'Cc^,  Eoss.  83.  f.  5,  which  has  lately  been  found 
in  that  limestone  at  Dudley.  In  the  Western  States  of  America  this 
shell  is  known  under  various  names.  It  is  the  O.  occidentalis  of  Hall's 
work,  but  had  been  previously  described,  though  from  indifferent  spe- 
cimens, by  M'Coy.  This  shell  is  one  of  our  most  characteristic  Lower 
Silurian  (Caradoc)  types.  The  Orthis  biloba  of  Linmeus  (Spirifer  sinu- 
atus,  Sil.  Syst.),  H.  20.  f.  14,  which  is  abundant  in  Wenlock  shale,  has 
been  detected  in  the  Lower  Silurian  rocks  of  S.  Wales,  and  at  the  Chair 
of  Elildare,  Ireland. 


Fossils  (83).    Loweb  SimsLiF  Bsaohiopods. 


1.  liingnlft  attenu- 
ata.  2.  Strophomena 
expansa,  apper  or  dor* 
sal  valve.  8.  Orthis 
striatula,  Emmons. 


4.  0.biforata,Schlot' 
heim.  6.  O.  porcata, 
M'Cqy.  6.  Leptcena 
serioea. 


The  closely  allied  genus  Strophomena,  consisting  chiefly  of  the  flatter 
forms  of  the  so-called  Orthis  in  the  '  Silurian  System,'  exhibits  some  very 
marked  and  frequent  species  which  are  eminently  typical  of  the  Lower 
Silurian.  These  are,  Strophomena  expansa,  Fl.  6.  f  4,  and  Poss.  83.  f.  2 ; 
S.  tenuistriata,  p.  74,  Foss.  12.  f  8 ;  S.  grandis,  R.  6.  f.  6, 7,  which  abound 
in  the  Lower  Silurian  rocks,  and  have  been  formerly  given  in  the  plates 
of  my  work,  as  species  of  Orthis  and  Leptssna ;  they  not  only  prevail  in 
the  Llandeilo  and  Bala  deposits  of  Wales,  but  are  common  in  the  strata 
of  the  same  age  in  Westmoreland,  and  in  the  Caradoc  sandstone  of 
Shropshire. 

Strophomena  corrugata,  Fortlock,  is  a  highly  ornamental  species  of 
the  genus,  with  radiating  lines  and  transverse  imdulations ;  it  is  found 
in  Wales  and  Ireland.  Another  shell,  probably  of  this  genus,  and  fr^ 
quent  at  Bala,  is  the  common  Caradoc  species,  S.  spiriferoides,  M'Coy, 
Eoss.  84.  f.  2,  which  is  so  like  Spirifer  radiatus  of  the  Upper  Silurian 
rocks,  as  to  be  easily  mistaken  for  it. 

The  universally  spread  LeptaBua  depressa  (Sil.  Syst.),  now  more  cor- 
rectly referred  to  the  genus  Strophomena,  extends  upwards  throughout 
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the  whole  aeries,  from  the  oldest  Llandeilo  beds  to  the  Upper  Ladlow 
rock. 

Of  the  two  species  of  Leptma  which  are  prevalent  in  the  lower  divi* 
mon,  the  most  frequent  is  L.  sericea,  FL  6.  f.  14,  and  Foas.  88.  f.  6,  which, 
occorring  in  swarma  among  the  slatea  of  Snowdon,  ia  alao  most  abundant 
and  characteriatic  in  the  Caradoc  aandstone  of  Shropshire ;  whilst  the 
li.  tnmsrersaiis,  Fl.  20.  £  17,  published  originally  aa  a  fossil  of  the  Wen- 
lock  shale,  ia  now  found  in  the  Caradoc  formation  of  Wales  and  West* 
moreland.  The  former  of  the  two  last-mentioned  species  has  indeed  a 
universal  range ;  being  known  in  Bussia,  Scandinavia,  Central  Qermany, 


Fossixa  (34).    LowxB  SiurBXAjr  BaAomoFOBs. 


quinqueoostaU,  id. 

LepUena  tenui- 

cincta,  id.;    and  a 

lateral  Tiew  of  the 


1.  Orthiabiforata, 
Schlothflim  (intemal 
cast).  2.  Stropho- 
mena  spiriiSBroideB, 
M<Coy.    S^Leptama 


the  British  Isles,  and  America.  LeptsDua  tenuicincta,  Foss.  84.  f  4, 
and  L.  quinquecostata,  f .  8,  are  not  unfrequent  Caradoc  species  both 
in  England  and  Ireland:  the  latter  is  found  deep  down  in  the  Lhui- 
deilo  flags. 

The  Orbiculoidand  Cranioid  groups,  though  not  common  in  the  lower 
division,  yet  afford  some  characteristic  species.  The  remarkable  Crania 
(Pseudocrania)  divaricata,  Foss.  85.  f.  2,  like  its  congener  the  Crania 
antiquissima  (Pander)  of  Bussia,  is  a  Lower  Silurian  species.  Discina 
(Orbicula)  punctata  of  the  Caradoc  sandstone,  f.  1,  can  with  difficulty 
be  distinguished  from  the  beautiful  D.  cancellata,  Sow.,  of  the  Trenton 
limestone,  America ;  and  Siphonotreta  micula,  f.  8,  a  small  species  of  a 
genus  which  is  abundant  in  the  Lower  Silurian  beds  of  Bussia^  is  found 
plentifully  in  the  trilobite  flags  of  Builth*. 

Lingnla^  on  the  other  hand,  offers  some  prevailing  forms*    Such  is  L. 


*  Aa  an  example  of  the  confbaion 
which  might  be  mtrodnced  by  tabati- 
totin^  the  WOTd  Cambrian  for  Lower 
Silurian,  it  mav  be  mentioned,  that  thia 
species  of  bradoiopod,  though  eollected 
in  my  ddett  ana  best-known  Lower 
Silnnan  locality  of  Llandeilo  flags  at 
Builth,  haa  been  pablished  aa  a  Cam- 
brian foflsil  in  the  aeeond  fiwdcnfais  of 
the  PaleoKoic  Fossils  of  the  Cambridge 
Mnseum.  The  reader  must,  indeed,  be 
told,  that  very  many  of  the  fossib  to 
which  the  words  Bala  and  Cambrian 
are  prefixed  in  that  work  descriptive  of 


the  Cambridge  Mnaeun,  and  published 
in  1851-63,  have  been  alone  found  in 
my  original  Llandeilo^  and  Caradoc 
rocks ;  the  organic  remains  having  been 
described  by  me  between  the  years  1833 
and  1839.  Such  axe  aU  those  fossils 
firom  the  Carmarthenshire  localities  of 
Llandeilo,  Mandinam,  Golengoed,  Lkm- 
gadoc,  Noeth  Griig;  all  the  Breeknodc 
and  Radnorshire  localities,  near  Builth 
ondLbmdrindod;  the  Montgome^shire 
localities,  near  Welahpool  and  Meifod, 
and  at  Allt-yr-Anker ;  Caradoc  fossils 
from  the  west  of  Shropshire,  &c. 

p2 
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attenuata,  the  characteristic  Llandeilo  fossil  before  alluded  to,  in  p.  55, 56. 
Its  associates  are,  L.  granulata,  Eoss.  85.  f.  4,  and  a  number  of  unpub- 
lished species :  L.  ovata,  M'Coy,  and  L.  tenuigranulata,  f.  5,  here  figured, 

Fossiifi  (85).    LowBR  SiLiTBiAir  Bbaohiopodb. 

1.  DiBoina punctata.     2.  £^^  /£?^^  jjfff^^^  *^  granulata,   PhilL    6. 

Crania  diyaricata,  M'Coy.  M||P  iwfnQimP  ll'^^^^H  ^*  tenuigranulata,  M'Coy; 

3.     Siphonotreta    micula,  ^BE^^i.    ^^!a||SP^  11  ,^^^B  the  largest  fossil  species  of 

M*Coy;    young    and   full  4/f^A  ^^^O  ( ^^^^J  Lingula  known  in  Britain ; 


grown,  natural  sixe.  4.  Lin-        (HV  ^-^W  -^  '^^^^^    ^^h  a  portion  nat.  size. 


are  conspicuous  Caradoc  species.  Obolus,  a  genus  closely  allied  to  Lin- 
gula, is  common  in  Kussia ;  and,  though  not  found  in  our  Lower,  is  now 
known  to  be  present  in  our  Upper  Silurian*. 

The  primeval  forms  allied  to  the  genus  Terebratula  are  now  referred 
to  the  genus  Bhjnchonella  of  Fischer.  This  genus  is  very  much  less 
frequent  in  the  lower  than  in  the  upper  division  of  the  system.  Some 
few  forms  of  it  were  described  in  the  '  Silurian  System,'  which  chiefly 
belong  to  the  Llandovery  rocks,  and  will  be  noticed  imder  that  headf 
One  or  two  plaited  species  are  known  to  occur  in  the  Caradoc  beds  of 
Snowdon,  and  in  the  rocks  near  St.  David's,  Pembrokeshire,  which  are 
of  Llandeilo  age.  Similar  species,  too,  are  found  in  Tyrone,  and  have 
been  described  by  Colonel  Portlock.  A  few  smooth  species,  like  Bhyn- 
chonella  navicula,  PL  22.  f.  12,  but  not  identical  with  it,  are  found  in  the 
Bala  limestone.  B.  depressa,  PL  22.  f.  17,  and  B.  rotunda,  f.  18,  ori- 
ginally described  from  the  Upper  Silurian,  are  said  by  Prof.  M*Coy  to 
occur  in  true  Lower  Silurian  strata. 

The  genus  Atrypa,  so  often  quoted  in  paleontological  works,  is  now 
restricted,  and  includes  only  those  shells  which  have  calcareous  spires 
within,  and  a  small  area  beneath  the  beak  pierced  by  a  round  foramen. 
Thus  limited,  it  contains  only  a  few  species,  and  these  are  most  abundant 
in  all  the  Upper  Silurian  strata,  and  in  the  Llandovery  rocks.  The  A. 
marginalis  of  Dalman  is  the  only  one  known  with  certainty  to  occur  in 
the  Caradoc  sandstone,  and  it  is  found  in  many  localities  in  Wales  and 
Ireland. 

Of  the  next  great  class,  the  Lamellibranchiata,  or  ordinary  bivalve 
shells,  a  few  only  had  been  discovered  in  the  lower  group  of  strata  when  my 
large  work  was  published.  They  are  now,  however,  ascertained  to  be  flu? 
from  rare  in  the  more  arenaceous  parts  of  the  Caradoc  strata  in  England ; 
and  they  also  occur  in  rocks  of  the  same  age  in  America.  The  genus 
Pterinea  (Avicula,  Sil.  Syst.),  so  common,  as  will  hereafter  appear,  in  the 
upper  division,  has  some  representatives  in  the  lower.    P.  pleuroptera, 

*  Davidson's  Monograph  of  the  Brachiopoda,  Pakeont.  See.  1854,  p.  136. 
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Conrad,  and  P.  tenuistriata,  Chap.  10,  are  two  species  of  this  formatioD, 
quoted  by  M'Coy  as  ranging  upwards  to  the  Ludlow  rock.  It  is  probable 
^hat  some  other  species  of  the  genus  have  an  equal  range. 

There  appear  to  be  some  species  of  true  AvicukD,  and  there  are  sereral 
examples  of  that  section,  or  rather  of  that  distinct  genus  Ambonjchia, 
Hall,  which  has  both  vaLves  gibbous  and  the  anterior  ear  almost  obso- 
lete. These  shells  have  been  sometimes  called  Inoceramus,  but  have  no 
affinity  with  that  group.  Ambonychia  Triton,  Foss.  86.  f.  8,  for  ex- 
ample, is  found  at  Uandeilo,  and  Colonel  Portlock  describes  Amb.  trans- 
Yersa  and  A.  trigona,  from  the  rich  deposits  of  Tyrone. 

Fossils  (86).    Lamblubbaitohlita. 


1.  ModJolopda  pogfclinciato, 
M<Ck)y.  2.  M.  erpaiua,  Port- 
lock.  8.  M.  modiolarii,  Con- 
nd.  4  Ctenodonta  (Nuoula) 
TariooBa,  Salter.    6. 0.  (Na- 


cula)  obliqua,  Portlock.  6. 
Lyrodenna  plana,  Conrad. 
7.  Pleuroriiynchos  diptc- 
rus,  Salter.  8.  Ayicula 
(Ambonyohia)  Triton,  id. 


Modiolopsis,  Hall,  is  a  still  more  common  genus  in  the  Lower  Silurian. 
M.  orbicularis,  PI.  7.  f.  1,  one  of  the  few  species  published  in  my  former 
work,  is  at  present  known  only  in  the  Caiadoc  sandstone  of  Shropshire ; 
it  was  formerly  described  as  an  Avicula.  M.  modiolaris,  Foss.  86;  f.  3, 
and  M.  postlineata,  f.  1,  are  frequent  in  the  Caradoc  rocks  of  North 
Wales,  where  M.  inflata,  M'Coy,  and  some  others,  are  also  occasionally 
met  with.  M.  expansa,  f.  2,  is  a  flattish  species  found  in  strata  of  the 
same  age  in  Ireland,  and  several  large  and  rounded  forms  occur  with  it. 
The  genus  is  closely  allied  \o  the  common  Modiola,  or  mussel,  of  our 
coasts. 

Naculffi  and  shells  of  similar  genera  with  toothed  hinges  are  not  scarce ; 
but  few  of  them  have  been  yet  described.  It  is  well,  however,  to  note, 
that  the  small  triangular  species,  Nucula  (Ctenodonta)  varicosa,  Foss.  86. 
f.  4,  and  N.  obliqua,  f.  6,  are  frequent  in  the  lower  division, — ^the  former 
in  Wales,  the  latter  in  N.  Ireland.  It  is  most  probable  that  these  so- 
called  Nuculffi  are  all  referable  to  a  distinct  genus,  Ctenodonta  (Telli- 
nomya,  Hall),  Eep.  Brit.  Assoc.  1851,  Sect.  p.  63,  which,  like  the  Isoarca 
of  Miinster,  has  the  ligament  external.  Lyrodesma  plana,  Foss.  86.  f.  5, 
which  belongs  to  the  same  group  of  shells,  is  found  in  the  limestone  at 
Bala. 

The  Orthonota  (Cypricardia  of  the  Sil.  Syst.)  is  a  genus  more  fre- 
quently met  with  in  Upper  Silurian  rocks,  but  some  are  Lower  Silurian. 
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O.  nasuta  occurs  in  the  Garadoc  of  Horderley,  and  is  represented  in  the 
woodcut,  Poss.  12.  f.  12.  Cardiola  is  rare,  but  not  wholly  absent.  In 
the  illustration  on  the  preceding  page,  a  rare  fossil  is  figured,  Fleuro- 
rhynchus  dipterus,  f.  7,  which,  though  unknown  in  England  and  Wales, 
has  been  found  by  Mr.  J.  Carrick  Moore  in  the  Lower  Silurian  rocks  of 
Ayrshire,  and  by  the  Ooyemment  geologists  at  the  Chair  of  Kildare,  itk 
Ireland*  To  these  may  be  added  a  remarkable  genus  lately  found  in 
Montgomeryshire,  the  Megalomus  of  Hall.  It  is  a  thick  and  clumsy 
shell,  something  like  the  Megalodon  of  the  Deyonian  rocks,  but  with 
less  defined  teeth*  Hall's  species  is  fi*om  the  Clinton  group  (Llandorery 
rocks)  ;  the  British  one  is  from  the  true  Lower  Silurian  at  Horderley. 

The  Cbsteropods,  or  uniyal\res  of  the  most  ancient  natural  system  of 
life,  are  now  declared  by  naturalists  to  belong  mainly  to  genera  which 
are  extinct.  Such  is  the  Murchisonia  of  d'Archiac  and  de  Yemeuil, 
formerly  included  in  the  genus  Fleurotomaria.  Such  also  are  Holopea 
and  Baphistoma  of  the  American  paleontologists,  Lozonema  and  Ma> 
crocheilus  of  Phillips,  and  Euomphalus.  A  few  species  of  Turritellay 
indeed,  are  quoted ;  but  these  in  all  probability  belong  to  a  diffi^rent 
genus,  the  Holopella  of  M'Coy. 

It  is  important  to  remark,  that  certain  shells  which  abound  in  the 
younger  secondary  and  tertiary  deposits,  and  at  the  present  day,  Tiz. 
the  true  species  of  Trochus,  Nerita,  Pleurotoma,  and  Buccinum,  have 
not  yet  been  found  in  these  ancient  rocks*.  Some  few  recent  genera  of 
Gasteropods,  howeyer,  must  still  be  quoted,  such  as  Turbo,  a  small 
Natica  ?  or  Fileopsis,  and  Patella*  Of  the  latter  genus,  an  Irish  species 
(the  P.  Satumi,  Goldfuss  P)  is  here  figured.  Fobs.  87.  f.  9* 

The  families  which  appear  to  haye  existed  during  the  Lower  Silurian 
time  were — ^LittonnidsB,  PyramidellidBo,  in  abundance,  with  Haliotid®, 
and  a  rare  Patella.    Chitons  first  appear  in  the  Llandoyery  strata. 

In  the  Upper  Siliurian  the  true  TurbinidBO  (Euomphalus),  with  Calyp- 
tneidad  (Pileopsis  and  some  alHed  genera).  *  The  Naticidffi  seem  to  haye 
commenced  in  the  Deyonian  period. 

Among  the  old  genera,  the  genus  Euomphalus  is  of  yeiy  early  creation, 

*  The  reader  may  be  surprised  to  find  and  eyen  the  nacreous  lustre  of  its  inte- 

nnmerous  species  of  the  four  last-men-  rior.  These  changes,  made  by  paleonto- 

tioned  genera  spoken  of  in  the  original  logists  in  the  ^neric  names,  haye  an 

'  Silurian  System ;'  but  it  is  only  of  late  important  bearing  on  the  philosophy  of 

years  that  the  distinctions  haye  been  the  science,  as  the  determination  of  the 

drawn,  by  whieh  such  ^era  have  been  correct  affinities  of  these  fossils  may 

exeludedirom  the  Silurian  rocks,  and  the  lead  us  to  understand  the  conditions 

accuracy  of  the  exclusion  is  now  agreed  under  which  they  tived ;  it  having  been 

upon  by  most  naturalists,  although  these  shown  conclusively  by  the  late  eminent 

shells  nave  much  the  external  appear-  Professor  Ed.  Forbes,  that  certain  con- 

ance  of  the  above-mentioned  genera,  ditions  of  depth  and  of  sea-bottom  were 

Euomphalus  is  probably  a  yer]r  near  essential  to  the  presence  of  one  group 

ally  of  the  modern  genua  Delphinula :  of  animals,  while  another  assemf ' 

it  occasionally  preserves  its  operculum  might  be  indiflferent  to  them. 
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four  or  fire  species  being  known  in  the  inferior  strata  (one  or  two  are 
figured  in  PL  7).  We  find  that  Euomphalus,  like  many  other  genera, 
pervades  the  whole  Silurian  system ;  but  it  is  Deut  less  characteristic  of 
the  Lower  than  of  the  Upper  Silurian.  It  is  not  certain  that  any  one 
species  extends  upwards  from  the  Llandeilo  flags  into  Wenlock  strata. 


FoSSEUi  (87).     GlBTEBOPODA. 


1.  Madoraa  Logani,  Sal- 
ter ?,  from  the  Lower  Silu- 
rian of  Aynhire ;  oper- 
culiim  (from  Oanada),  tla, 
2.  Baphifltoma — sp.  mide- 
seribed.  8.  Murohiaonia 
obecura,  PortL  4.  Turbo? 
rupestrisjEiohw.  6.  Holo- 

Sa  oondmiay  M'Ooy.  6. 
urchifionia  gyrogonia, 
M'Goy.  7.  IC  semirotun- 
data,  PortL  8.  Hebnin- 
tbochiton  Oriffithii,  Salter. 
9.  Patella  Satumi,  Gold- 
fuss? 


One  of  the  most  emblematic  univalyes  of  this  age  is  the  Murchisonia, 
more  complete  specimens  of  which  are  now  given,  in  the  annexed  wood- 
cut, Foss.  87.  f.  6,  7,  than  any  figured  in  my  former  work,  where  they 
were  called  FleurotomaritB.  Li  Portlock's  Beport  several  species  of  this 
genus  are  described  from  the  Lower  Silurian  rocks  of  Tyrone :  one  of 
these,  M.  turrita,  FortL,  is  very  elegantly  sculptured;  another,  M. 
semirotundata,  Foss.  87.  f.  7,  is  conspicuous  for  its  broad  rough  band. 
M.  gyrogonia,  f.  6,  and  M.  simplex,  M*Coy,  are  common  in  Wales,  and 
there-are  many  other  similar  species*  Turritella  is  absent.  The  Lower 
Silurian  shells  resembling  it  are  either  smooth  forms  of  Murchisoniay 
such  as  M.  obscura,  Foss.  87.  f.  8,  in  which  case  they  show  the  charac- 
teristic band,  or  they  belong  to  the  newly  proposed  genus  Hdopella,  in 
which  the  striffi  of  growth  run  straight  across  the  whorls,  and  are  not 
bent  into  a  notdied  or  angular  form.  Several  of  the  latter  genus  have 
been  described  from  the  Llandovery  rocks,  but  they  are  comparatively 
rare  in  the  Caradoc  or  Llandeilo  flags.  They  have  in  general  an  elon- 
gated and  beaded  shape,  resembling  the  above-quoted  Murchisonia 
obscura.  Trochus  lenticularis  of  the  *  Sil.  Syst.,'  PL  10.  f.  2,  and  several 
similar  discoid  and  angular  univalves,  are  now  referred  to  the  genus 
Baphistoma,  Hall.  This  genus  is  exceedingly  common  in  the  Lower 
Silurian  rocks  of  America ;  it  also  occurs  in  Scandinavia  and  Eussia ;  a 
species  of  it  found  at  Llandeilo  is  here  given,  Fobs.  87.  f.  2,  and  others 
are  known  in  the  Silurian  rocks  of  the  S.  of  Scotland  and  ip.  Tyrone. 

Holopea,  Hall,  though  rather  an  obscure  genus  of  smooth  rounded 
imivalves,  must  now  include  many  Lower  Silurian  species.     One  is 
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figured  in  Fl.  7.  f.  4,  as  H.  striatella  (Littorina,  Sil.  Syst.)  ;  another, 
H.  concinna,  is  represented  here,  Foss.  37.  f.  5. 

Otjier  shells,  still  provisionally  called  Turbo,  e,  g,  T.  rupestris,  f.  4, 
and  T.  sulcifer,  Eichw.,  T.  crebristria,  M*Coy,  Ac.,  may  probably  belong 
to  an  extinct  genus  allied  to  Holopea  (Cyclonema  of  Hall).  Turbo  ru- 
pestris occurs  in  the  Lower  Silurian  limestones  of  Ireland,  and  often 
still  retains  the  coloured  bands  that  decorated  the  shell  when  alive.  This 
feature  will  be  dwelt  upon  in  the  concluding  chapter,  as  limiting  the 
depth  of  water  at  which  such  sheUs  lived. 

Though  not  yet  detected  in  England  or  Wales,  Maclurea  (Hall),  a 
characteristic  genus  of  the  Lower  Silurian  rocks  of  North  America,  has 
been  found  in  strata  of  the  same  age  in  Scotland.  The  shell  (Foss.  37. 
f.  1)  appears  to  be  sinistral  or  reversed,  the  top  flattish,  and  the  base 
umbilicate.  Li  all  probability,  however,  it  should  be  viewed  the  other 
way  upwards,  and  so  appear  with  a  sunken  or  concealed  spire.  Its 
mouth  is  closed  by  a  remarkable  operculum,  of  which  f.  1  a  shows  the 
inner  side.  I  collected  a  species  of  this  genus  in  the  Lower  Silurian 
strata  of  Ayrshire,  associated  with  Orthides,  trilobites  of  the  genus 
Asaphus,  and  other  Lower  Silurian  fossils.  A  Canadian  species,  ap- 
proaching to  M.  magna  of  the  United  States  of  North  America,  and 
named  by  Mr.  Salter,  Maclurea  Logani,  after  the  able  geologist  who  dis- 
covered it  in  Canada,  is  the  form  to  which  our  British  fossil  is  most 
allied.    The  operculum  figured  (Foss.  87.  f.  la)  is  from  that  species. 

In  speaking  of  the  altered  limestones  and  quartz  rocks  of  Lower 
Silurian  age  at  Durness,  in  Sutherland,  a  large  Maclurea  was  mentioned 
(p.  196)  as  being  distinct  from  any  form  yet  described.  The  nature  of 
this  shell  seemed  so  obscure  when  the  specimens  first  obtained  were 
examined,  that  it  could  scarcely  be  decided  whether  it  might  not  be  a 
Euomphalus  or  Baphistoma.  The  specimens  last  detected,  one  of  which 
is  here  drawn,  have,  however,  proved  beyond  a  doubt,  that  the  Durness 
fossil  belongs  to  the  true  Lower  Silurian  genus  Maclurea.  The  upper 
surface  of  the  shell  is  shown  in  Foss.  88.  f.  1,  and  its  lower  surface  in 
f.  2.  The  species  differs  from  the  M.  magna,  Hall,  of  N.  America,  in 
the  slight  convexity  of  the  whorls  beneath,  and  from  M.  Logani  of  Ayr- 
shire, Foss.  37,  by  the  greater  number  of  turns  of  the  spire.  The  oper- 
culum, Foss.  88.  f.  3,  is  of  a  most  peculiar  form,  as  may  be  seen  by  com- 
paring it  with  that  of  M.  Logani,  Foss.  87.  f.  1*.  It  is  almost  spiral, 
and  this  greatfy  helps  to  strengthen  the  opinion  of  Mr.  S.  P.  Wood- 
ward, that  the  genus  may  be  one  of  the  most  ancient  forms  of  the 
liudista,  a  group  not  previously  known  to  occur  below  the  horizon  of 
the  Oolitic  formations. 

With  this.  Maclurea,  so  decided  in  its  bearing  upon  the  age  of  the 
rocks  in  which  it  is  imbedded,  are  associated  other  forms  no  less  con- 
firmatory of  the  identity  of  this  group  with  the  Lower  Silurian  rocks  of 
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N.  America.  They  are  here  grouped  in  the  same  woodcut,  in  order  to 
explain  at  a  glance  the  general  fossil  contents  of  these  Highland  rocks. 
The  Ophileta  compacta,  Fobs.  88.  f.  4,  the  smooth  Orthoceratites  with 
large  compressed  siphuncles,  f.  6,  others  with  an  annulated  surface,  and 
a  species  of  Oncoceras,  f .  5,  all  closely  resemble  fossils  of  the  Lower  Silu- 
rian rocks  of  N.  America,  which  range  from  the  Calciferous  rock  up  to 

F088II£  (SB).     LOWXB  SlLUBIAN  ShSLLB  7B0X  THE  NOBTH-WXSTSBir  HiaHLAVDB. 


1.  Madurea  Peachii,  n.  sp.,  upper  ride.  2.  The  same,  lower  tur&oe.  8.  The 
long,  twisted  operculum ;  two  yiews.  4.  Ophileta  oompacta,  Salter.  6.  Oncooeras,  8p. 
6.  O^ooeras,  with  oompressed  uphunde,  uke  a  Canadian  speoies. 

the  Trenton  limestone,  both  indusive.  Thus,  for  example,  although  the 
Oncoceras,  f.  5,  is  specifically  distinct  from  any  published  American  spe- 
cies*, yet,  when  taken  with  the  forms  above  enumerated,  and  particularly 
with  the  Ophileta  compacta,  which  is  identical  with  a  Canadian  species, 
there  can  b^  no  doubt  that  these  Highland  strata  occupy  the  horizon 
assigned  to  them.  The  lower  quartz  rock  of  this  group  is  charac- 
terized by  abundant  traces  of  a  minute  shelly  annelide,  Serpulites 
MacCullochii,  which  will  be  presently  figured  (see  p.  222). 

Bellerophon,  a  paleozoic  form  of  the  mollusks  classed  by  some  natu- 
ralists with  Heteropoda,  is  one  of  those  genera  which  specially  link 
together  the  Lower  and  Upper  Silurian  diyisions  in  one  system  of  life. 
Thus,  B.  carinatus,  PI.  34.  f.  8,  and  B.  dilatatus,  Eoss.  89.  f.  8,  are 
common  to  both  divisions,  ranging  from  the  Caradoc  sandstone  to  the 
Ludlow  rocks  in  Ireland  and  Wales.  On  the  other  hand,  there  are 
several  species  which  as  yet  are  known  only  in  the  lower  division,  and 
are  very  characteristic  of  it.  B.  acutus,  Fl.  7.  f.  8,  B.  bilobatus,  figured 
in  Chap.  4,  Foss.  12.  f.  10,  and  B.  nodosus,  f.  11,  are  among  the  common 
fossils  of  the  lower  part  of  the  Caradoc  sandstone.  One  of  these  species, 
the  B.  bilobatus,  is  equally  characteristic  of  the  same  deposits  in  North 
America,  Spain,  and  Bohemia.  B.  perturbatus,  Foss.  39.  f.  6  (Euom- 
phalus,  Sil.  Syst.),  is  one  of  the  common  fossils  of  the  black  Llandeilo 

*  See  Hall,  Pal.  New  York,  vol.  i.  pi.  41. 
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slates  of  Wales.  There  are  other  less-known  species^  and  some  are  yet 
unpublished. 

Certain  naturalists  regard  the  genus  Bellerophon  as  the  shell  of  a 
eephalopodouB  animal,  differing  from  the  ordinary  forms  of  that  elass  in 
the  want  of  septa  or  partitions  within  the  shelL  Alflicngh  there  is 
some  ground  for  the  supposition,  these  shells  are  usually  belioTed  to  be 
Nucleobranchiata  (or  Heteropoda),  allied  to  the  floating  Carinaria  or 
glass-shell,  which  they  much  resemble  both  in  form  and  sculpture. 

The  large  Irish  Lower  Silurian  fossil,  Eoculiomphalus  Bucklandi, 
Foss.  89.  f.  5,  may  probably  be  compared  with  the  modem  genus  At- 
lanta ;  if  its  thin  shell,  triangular  section,  and  finely  striated  surface  do 
not  betray  affinity  with  the  group  next  mentioned. 

There  are  certain  genera,  now  clearly  ascertained  to  be  forms  of  Ptero- 
j^oda — one  of  the  inferior  groups  of  mollusca.  Of  Gonularia,  for  example, 
a  most  beautifully  ornate  form,  there  are  two  or  three  species  in  the 
Lower  Silurian.  C.  elongata,  figured  in  the  next  woodcut,  Foss.  89.  f.  8, 
is  firequent  in  Lreland ;  and  C.  Sowerbii,  H.  25.  f.  10,  ranges  upwards 
from  the  Caradoc  strata  to  the  Ludlow  rocks.  M.  Barrande  has  figured 
many  curious  forms  of  Gonularia  from  the  Silurian  rocks  of  Bohemia, 
one  of  which  is  spirally  curred.  Theca,  a  genus  exceedingly  like  the 
modem  CUo,  has  two  species  at  least  in  the  lower  diyision ;  viz.  T.  tri- 
angularis (Orthoceras  of  Portlock),  Foss.  39.  f.  2,  and  another  species, 
f.  1  (the  T.  triangularis  of  Hall),  to  which  Mr.  Salter  applies  the  name 
T.  reyersa.  It  is  found  in  N.  America,.  Scotland,  and  Wales,  and  is 
distinguished  by  haying  the  dorsal,  not  the  ventral  surface,  the  conrex 
one ;  otherwise  it  is  much  like  T.  Forbesii  (Chap.  10). 

Fossils  (89).    Hstbbopod  aitd  Pctbofod  Mollvbca. 


1.  Theoarerena, 
Salter  (dorsal  Tiew). 
2.  T.  triangnlariB, 
PortL  (dorsal  and 
yentral  sides).  8. 
Gonularia  don^ta, 
PortL  4.Fterotl]eca 


traiiBTflrBa,F<Hrtlock. 
Eoculiomphalus 
BnoU«ndi,Pora  6. 
BeUerophon  pertur- 
batus.  7.  B.  acutns. 
8.  B.  dilatatus. 


Figs.  5  and  8  are  species  often  8  indbes  wide — ^the  flgnree  are  mnoh  rednoed. 

Fterotheca  is  a  new  genus  proposed  (Beport  Brit.  Assoc.  1852)  for  a 
wide  shell  like  C!leodora ; — ^P.  transrersa  is  here  given,  f.  4.  P.  undulata 
is  a  large  and  beautiful  fossil  found  in  N.  Wales  and  Shropshire. 

It  is  to  be  remarked,  that  these  ancient  specimens  of  their  order  were 
gigantic  in  comparison  with  their  modem  representatives. 

Cephalopodous  or  chambered  shells  of  the  genera  (Orthoceras,  Cyrto- 
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oens,  and  Idtuitea  oocur  in  the  Lower  Silurian  rocks.  In  the  original 
Silurian  region  they  are,  indeed,  leas  abundant  in  the  lower  than  in  the 
upper  divisionB  of  the  sTstem ;  but  on  the  continent  of  Europe,  particu- 
larly in  Scandinayia,  where  they  oocur  under  different  conditions,  and  in 
limestone,  they  are  more  frequent  in  the  Lower  than  the  Upper  Silurian. 
Among  the  earlier  developed  British  species  are  to  be  noted  the  Ortho- 
ceras  politum,  M^Coy,  a  large  smooth  shell  seen  by  myself  in  titu  in 
Ayrshire* ;  O.  yagans.  Fobs.  40.  f.  1 ;  O.  bilineatum,  f.  2 ;  O.  tenuicinc- 
tum,  f.  3:  the  latter  is  a  beautiful  foesiL  Another  species  character- 
istdc  of  the  Lower  Silurian  strata,  and  having  a  large  lateral  siphunde, 
is  the  O.  Brongniarti  of  Portlock,  f.  4 ;  it  is  supposed  to  be  identical 
with  one  firom  North  America,  where  similar  forms  are  common  in  the 
Lower  Silurian  rocks.  The  great  Orthoceratite  of  the  same  strata  of 
Scandinavia  and  Bussia,  O.  vaginatum,  Schlotheim,  is  occasionally  three 
feet  long ;  it  has  been  found  in  Scotland  t.  Smooth  Orthoceratites,  on 
the  contrary,  with  slender  central  siphundes,  are  not  confined  to  either 
the  upper  or  lower  division. 


Fossils  (40).    Ciphilopoda. 


1.  Orthooeras  vagaiiB,  Sal- 
ter. 2.0.lnlineatom,Hall. 

3.  O.  tenuicmctiixii,  PortL 

4.  O.  Brongniarti,  Porti. 


(Some  fomuof  Orthooeras 
most  common  in  the 
Lower  Silurian  rockB.) 


It  must  here  be  specially  noted,  that  in  the  progress  of  research  no 
less  than  eight  species  of  Orthoceratites  have  been  found  in  England, 
Wales,  and  Lreland  to  range  from  strata  of  the  age  of  the  Caradoc  rocks 
to  the  Upper  Silurian  { ;  several  of  them  even  into  the  Upper  Ludlow 
rock :  e.^,  O.  angulatum,  Wahl.  (O.  viigatum,  Sil.  Syst.)  ;  O.  ibex,  Sil. 
Syst. ;  O.  subannulatum,  Munst. ;  O.  annulatum,  Sil,.  Syst.  (O.  undu- 
latum  of  foreign  authors) ;  O.  filosum,  Sil.  Syst. ;  O.  subundulatum, 
Ford.  (Griseis  Sedgwicki,  Forbes) ;  O.  tenuicinctum,  Portl. ;  and  O. 
primievum  (Griseis  primsva,  Forbes).  There  are  probably  others  which 
have  as  great  a  range§. 

The  singular  O.  bisiphonatum  of  the  Sil.  Syst.,  only  found  in  one 
locality,  near  Llandovery  in  South  Wales  (PI.  11.  f.  5),  appears  to  have 

•  Sec  Quart.  Joum.  Geol.  See.  vol.  vii.  pi.  10.  t  Ibid.  p.  177- 

X  Synopsis  of  the  Paleozoic  Fossils,  Sedgwick  and  M'Coy,  pp.  313,  &c. 
§  See  Plates  26  to  29,  and  Chap.  10,  for  some  of  these  species. 
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two  siphuncles.  It  will  be  again  noticed  under  the  Uandoveiy  fomuir 
tion.  The  species  does  not  really  belong  to  Orthoceras,  and  should 
form,  in  the  opinion  of  Mr.  Salter,  a  new  genus,  for  which  he  proposes 
the  name  of  Tretooeras.  Oncoceras  has  been  abeady  mentioned,  p.  217. 
There  are  seyeral  species  of  the  genus  Lituites  in  these  old  strata. 
L.  comu-arietis,  Poss.  41.  f.  2,  and  L.  Hibemicus,  f.  3,  are  good  examples 
of  our  British  species.  The  former  is  also  found  in  Scandinayia.  L. 
anguiformis,  Salter,  is  a  third ;  and  there  are  other  species  in  the  Uan- 
doverj  rocks.^  Cyrtoceras,  which  is  distinguished  by  being  more  slightly 
curved  than  Lituites,  includes  several  species  in  Britain;  one,  C.  in- 
SBquiseptum,  from  Ireland,  is  here  represented,  f.  1 ;  and  some  others  are 
figured  by  Portlock ;  and  one  of  the  Ayrshire  cephalopoda  is  probably 
the  Cyrtoceras  multicameratum,  Hall,  of  the  United  States. 

FoSsiLe  (41).    Oefhalofods. 

2 


1.  CjnrtojjeraBi^^   ^  ^%J^     ^:  %     Curred  fonns  of  Ceplia- 

lopoda,    rare    in    Brii 
Lower  Silurian  strata. 


tum,    Portl.     2.   Lituitee    ^»        ,      ^<-        ^  i^  ^j  t»  -I-  i 

«    -r    /m        ^^     .^im^       ^^^««»£/  lopocUk    rare    m    Bntuk 
oomu-anetis.    8.  L.  (Tro-  ^Sfluk.    t>^^S»  t  _Z/a-i    •       .  .. 


oholites)  HibemicuB,  Salter. 


Annelides,  or  sea-worms,  we  have  already  seen.  Chap.  2,  prevailed  in 
some  of  the  earliest  sediments  in  which  traces  of  organic  remains  are 
found*.  They  were  not  less  plentiful  in  succeeding  periods  of  the  Silu- 
rian epoch,  and  occurred  both  in  the  form  of  burrows  in  the  strata  (Sco- 
lites),  and  as  tracks  upon  the  surface  (Helminthites,  ^.).  It  is  scarcely 
doubtful  that  most  of  the  long  sinuous  tracks  observable  on  these  old 
sediments  were  made  by  wandering  species  of  this  tribe ;  but  the  idea 
has  nevertheless  been  suggested  by  Geinitz,  that  some  of  those  usually 
called  Nereites  may  be  soft  and  fleshy  forms  of  Oraptolithina,  and  there- 
fore have  no  real  affinity  with  the  Annelides.  Certain  branched  forms 
found  in  the  old  rocks  of  Thuringia,  and  described  by  Prof.  Bichter,  give 
considerable  force  to  this  suggestion. 

Specimens  of  these  tracks  were  figured,  as  previously  stated,  fipom 
Llampeter,  in  South  Wales,  where  they  occur  in  strata  which  have  been 
shown  to  overlie  the  Llandeilo  rocks  (see  p.  79)  ;  e,g,  Nereites  Cam- 
brensis,  Foss.  42.  f  3  ;  N.  Sedgwicki,  f.  2 ;  and  Myrianites  M*Leayi,  f  1. 

Another  form  of  these  creatures,  Crossopodia  Scotica,  f.  4,  is  given 
from  specimens  collected  by  Professor  Sedgwick,  in  the  Gh:«ptolitic  schists 

*  See  Quart.  Geol.  Joura.  vol.  xii.  p.  246;  &  vol.  xiii.  p.  199. 

Digitized  by  VjOOQIC 


Chap.  EL] 


LOWEB  SniURIAN  ANNELIDES. 


221 


near  Moffistt,  in  Bumfidesshire,  a  localily  which  I  have  also  examined, 
and  where  I  found  other  species  of  these  long  sea-worms.  The  length 
of  some  of  these  creatures  must  have  been  prodigious,  probably  many 
yards,  judging  from  the  frequent  parallel  coils  which  are  exhibited  on  the 
surface  of  the  schists.  (The  annexed  figures  are  very  much  reduced.) 
It  should,  however,  be  borne  in  mind,  that  in  many  cases  we  see  only 

Fossils  (42).    Anitilidbs;  ob  xabikb  wobx-tbaceb*. 

1.  Mjnanites  Mac- 
Leayi,  Sil.  SjBt.  2. 
Nereites  Sedgwicki,  ib. 

3.  K.  CambrenBis,  ib. 

4.  CroeBopodia  Scotica, 
M'Coy. 

Tracka  of  sea-worms 
in  fine  muddj  sedi- 
ments, now  altered  in- 
to slates.  S.  Scotland 
and  Wales.  (The  spe- 
cies figured  in  the  '  Si- 
lurian System  were 
drawn  on  stone,  and 
these  figures  could  not 
therefore  be  rn>eated  in 
the  plates  at  the  end  of 
the  Tolume.) 

the  track  of  the  worm,  and  not  the  impression  of  its  soft  body,  which 
could  rarely  be  preserved.  Such  tracks  as  these  are  met  with  in  all  the 
paleozoic  rocks,  but  the  burrows  of  the  worms  (Scolites  and  Arenico- 
lites)  are  yet  more  frequent.  Wherever  the  sediments  are  sandy,  these 
creatures  seem  to  have  been  present,  and  the  markings  generally  at- 
tributed to  Aicoids  are  for  the  most  part  only  the  filled-up  burrows  of 
marine  worms. 

The  Tentaculites  and  Comulites  of  the  earlier  primeval  strata  must 
also  be  mentioned  as  remains  of  animals  of  this  order.  They  were  worms 
with  shelly  tubes  like  those  of  Serpula,  but  distinguished  easily  by  their 
annulated  form  and  cellular  structuref  (see  PI.  16.  f.  3-10,  for  the  form 
and  magnified  sections).  Tentaculites  Anglicus,  PL  1.  f  8,  in  Britain, 
is  a  characteristic  Caradoc  fossil,  but  is  also  found  abundantly  in  the 
Llandovery  rocks ;  (T.  scalaris  of  the  Sil.  Syst.  is  the  interior  cast  of  it). 
Comulites  serpularius,  PI.  16.  f.  8-10,  is  also  a  cosmopolite  of  this  age, 
ranging  from  Sweden  to  North  America ;  but,  unlike  the  Tentaculite 
just  mentioned,  it  ascends  from  the  Lower  Silurian  strata,  where  it  is 
rare,  to  the  very  summit  of  the  Ludlow  rocks. 


♦  See  Sil.  Syst.  pp.  363,  699,  &c. 

t  These  fossils,  Tentaculites  and  Cor- 
nulites,  have  been  assigned  to  various 
groups  of  animals,  the  notion  that  they 
were  parts  of  crinoidal  creatures  being 


the  most  generally  accepted.  They 
were,  however,  shelly  tubes,  of  a  highly 
complex  cellular  structure,  not  jointed 
tentacles  or  stems;  and  could,  by  no 
means,  be  parts  of  such  animals. — J.  W.S. 


Digitized  by  VjOOQIC 


282  SILUBIA.  [Chap.  DL 

The  minute  Annelide  before  spoken  of  as  abounding  in  tbe  quartz 
rocks  of  the  N.W.  Highlands,  is  here  figured.  Although  the  tube  is 
thicker  in  proportion  than  in  any  known  species  of  Serpulites,  it  is  here 
provisionally  referred  to  that  genus,  and  is  named  Serpulites  MacGul- 
lochii,  after  the  distinguished  geologist  who  first  noticed  it  (see  p.  217)*. 

Fossils  (48).    Ahkxlidb  tubes  tbox  thb  N.W.  Highlands. 

Collected  from  the  lower 


Small,  thick,  shellj  tubes       ,^^    ,        ^-^  ^\  ^- ^^  _x  ,_     *  tt. 

of  ^inelide.  (Serpulites?    M^^tffti^  8^r^±  t  ^Tc" 

MacCullochU).  l^iBltfMllHEw  Sutherland,  by    Mr.    C 

i^iHB^^B^^^^^^^  Peach. 

Crustaceans. — ^Nearly  all  the  Articulata  which  have  yet  been 
detected  in  the  Lower  Silurian  rocks  belong  to  the  extinct  fiunily  of 
entomostracous  crustaceans  called  Trilobites.  The  Silurian  era  was 
evidently  one  in  which  these  animals  flourished  most;  for  they 
became  infinitely  less  abundant  in  the  Devonian^  and  expired  before 
the  close  of  the  Carboniferous  em,  during  the  earlier  part  of  which^ 
as  win  hereafter  be  seen^  very  few  of  their  genera  prevailed.  As 
already  indicated^  we  find  some  forms  of  the  Trilobite  in  the  oldest 
accumulations  in  which  animal  remains  oocurf ;  and  it  is  now  to  be 
remarked,  that  whilst,  on  the  whole,  certain  genera  and  species  of 
these  creatures  are  more  exact  indicators  of  the  successive  strata 
than  the  other  classes  of  animals,  and  that  several  genera  are  abso- 
lutely peculiar  to  the  Lower  Silurian  rocks,  there  are  some  species 
that  are  widely  diffused  in  strata  of  this  era  over  the  world,  which 
are  common  to  both  divisions. 

Of  these  there  is  perhaps  no  one  species  which  has  a  greater  vertical 
range,  or  is  more  widely  difiused  in  geographical  space,  than  the  long- 
known  Dudley  fossil,  Galymene  Blumenbachii,  Brongn.  When  this  trilo- 

*  In  thus  naming  these  Annelide-  them  to  Orthoceratites,  still  it  must  be 

tubes,  justice  is  done  to  the  scientific  remembered  that  he  was  the  first  person 

aeumenof  thelate  Dr.  M'CuUochyWho,  who  suggested  that  these  crvstaUine 

desiring  to  indicate  that  the  quarts  lodcs  rocks  were  at  one  time  depoats  m  which 

of  Sutherland  were  metamorphic  strata  marine  creatures  had  been  entombed, 
which  had  originallv  contained  animal        f  For  example,  in  the  Alum  slates  of 

remains,  suflmrted  that  the  tubes  might  Sweden  (Regiones  A.  B.  of  Angelin),  in 

have  been  diose  of  Orthoceratites.  the  Lingfula  slates  of  N.  Wales,  and  in 

Many  persons  (including  Sedgwick  the  Lowest  Silurianof  the  United  States, 

and  myself),  who  have  since  observed  This  is  the  Eone  to  which  M.  Barrande 

these  minute  fossils,  could  not  believe  first  attached  importance  (Zone  primcM^ 

that  they  were  of  animal  origin ;  and,  diale),  by  working  out  its  very  peculiar 

although  M'CuUoch  erred  in  referring  and  remarkable  firnna  in  Bohemia. 
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bite  WBB  described  in  the '  Silurian  System,'  it  was  considered  to  be  typical 
of  the  upper  rocks  only,  whether  of  Wenlock  or  of  Ludlow  age ;  but  it  has 
since  been  found  in  abundance  in  the  lower  strata  of  the  Caradoc  for- 
mationy  even  near  Snowdon ;  and  I  have  myself  procured  it  fix>m  beds 
of  Caradoc  sandstone  in  Shropshire.  Again,  a  variety  of  the  true  species 
occurs  in  the  Lower  Silurian  rocks  of  Tyrone;  and  thus,  like  many 
examples  of  the  other  classes  of  marine  animab  which  lived  in  primeval 
days,  this  crustacean  links  together  the  Lower  and  Upper  Silurian  in 
one  system  of  life.  (See  PL  18.  f.  10.  The  head  is  represented,  Poss.  12. 
f.  1.)  It  has  also  been  found  in  Sweden,  Bohemia,  North  America,  and 
Eastern  Australia  (?),  and  always  in  company  with  similar  generic  forms. 
Addaspis  Brightii,  PL  18.  f.  7,  and  the  Cheirurus  bimucronatus,  PL  19. 
f.  n,  also  occur  in  both  divisions ;  the  former,  however,  but  rarely,  the 
bitter  abundantly.  So  do  also  the  Cyphaspis  megalops.  Chap.  10,  and 
Staurocephalus  Murchisoni,  Barr.,  a  small  trilobite  with  a  globular  head 
and  serrate  tail.  The  Lower  Silurian  fossil,  PI.  2.  f.  3, 4,  called  Asaphus 
Yulcani  in  the  '  Silurian  System,'  is  probably  a  species  of  Homalonotus, 
a  genus  formerly  thought  to  be  peculiar  to  the  Upper  Silurian,  but  of 
which  several  examples  are  now  known  in  the  lower  division. 

Fossils  (44i).    noLOBiTES  ttfical  ov  thb  Lowsb  Szlubiak  Socks. 


1.  AsaphiiBFowiBiL 

2.  IUtoiib  Davisii, 
Salter.  8.  Trmn* 
clefus  coiioeiitrioiiB, 
Eaton  (Trin.Carac- 
taci,  SO.  Syst).  4. 
Oifymene  brerioa* 
pitata,PortL 


5.  lichaa  lazattu, 
M'Coy.  6.  Agnostus 
trinodut,  Salter.  7. 
Beyriohia  oompli- 
cata,  Salter,  en- 
larged. (The  last  is 
not  a  trilobite,  but 
a  biyalred  phjllo- 
podooBcmstaoean.) 


The  genera  peculiar  to  the  Lower  Silurian,  not  only  in  this  country, 
but  on  the  Continent  and  in  America,  are : — Olenus,  Agnostus,  Para- 
doxides,  Cybele,  Trinucleus,  Ogygia,  Asaphus,  Eemopleurides,  and 
the  trilobed  forms  of  Dlcnus ;  the  first  three  being  principally  (though 
not  wholly,  except  Paradoxides)  confined  to  the.  lowest  division  or  Lin- 
gula  flags.     On  the  other  hand,  the  genera  Ampyx,  Calymene,  Lichas, 
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Proetus,  Homaloiiotus,  CheiruruB,  Encrinurus,  Bronteus,  and  tliat  divi- 
Bion  of  Dlffinua  which  I  still  believe  to  be  a  true  genus*  (Bumastus, 
Murch.),  are  found  both  in  the  Lower  and  Upper  Silurian.  Mr.  Salter 
reminds  me,  fiirther,  that  there  is  scarcely  one  genus  of  the  upper  divi- 
sion which  had  not  previously  existed  in  the  earlier  period. 

The  principal  forms,  however,  which  have  proved  unerring  indices  of 
the  Lower  Silurian  of  Britain,  are  the  Olenus,  Agnostus,  and  the  true 
Asaphus,  such  as  A.  Powisii,  Foss.  44.  f.  1 ;  A.  tyrannus,  PL  1.  f.  4,  5, 
and  PI.  2.  f.  1,  with  five  species  of  Trinucleus,  PL  4,  all  of  which  were 
formerly  published  as  true  Lower  Silurian  types. 

The  Trinucleus  concentricus  (Caractaci,  Sil.  Syst.),  PL  4.  f.  2-6,  and 
Foss.  44.  f.  3,  has  a  very  extensive  Lower  Silurian  range,  both  in  Europe 
and  America.  This  species  varies  greatly  in  form  and  markings,  and, 
being  a  very  common  species,  it  is  met  with  in  every  variety  of  distor- 
tion and  compression,  so  that  it  might  often  be  divided  into  a  number 
of  differeiit  species. 

Fossils  (45). 

TbINUCLEUS  COKOENTBICUS  :   THBBB  SPECIMENS,  DISTOBTED  BY  SlATY  ClEAVAGB. 


In  illuBtration  of  the  various  forms  which  a  sinele  species  may  assume  under  the  influ- 
ence of  that  cnrstalline  change  operated  in  the  strata  which  is  called  slaty  deavage 
(see  p.  81).  TDe  woodcut  represents  a  group  of  forms,  apparently  yeiy  dissimilar, 
but  all  of  the  same  species,  here  giyen  in  their  natural  position  on  a  firagment  of  slate. 
(Phillips,  Beport  Brit.  Assoc,  rd.  xiL  pp.  GO,  61.) 

The  Trinucleus  Murchisonii,  Foss.  8.  f.  7,  together  with  the  remark- 
able species  T.  (^Kbbsii,  Poss.  9.  f.  7,  have  already  been  described  from 
the  lowest  beds.  T.  fimbriatus,  PL  4.  f.  7,  and  T.  Lloydii,  f.  6,  are  good 
indications  of  the  Llandeilo  flags,  for  they  occur  in  them  only ;  while 
T.  seticornis,  Hisinger,  a  species  found  in  Wales,  Scotland,  Ireland,  and 
also  in  Sweden,  is,  on  the  contrary,  exclusively  a  Caradoc  species  (see 
p.  76). 

Better  specimens  of  some  species  of  trilobites  having  been  found  than 
those  which  were  collected  at  the  time  of  the  publication  of  the  '  Silu- 
rian System,'  figures  of  them  are  given  in  the  following  woodcut,  Foss. 
46 :  viz.  Phacops  conophthalmus,  f.  3,  and  Ampyx  (formerly  Trinucleus) 
nudus,  f.  7.  Severed  species,  not  there  described,  have  been  since  added 
to  oiur  lists,  and  a  few  of  them  are  also  here  figured.  Cybele  verrucosa, 
f.  2,  is  one  of  these  new  fossils,  and  is  a  common  species  in  Britain  and 

*  The  pygidium  is  simple,  not  trilobed  as  in  most  species  of  Illaenus. 
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Sweden.  C.  rogosa,  Portlock,  Encrinurus  baccatus  of  the  same  author, 
R  sexcostata,  Salter,  Harpes  Flanagani,  Fobs.  f.  4,  and  H.  Dorani, 
Portl.  (the  latter  both  in  Ireland  and  Wales)  are  all  Caradoc  or  BaU 
apedes.  Eemopleurides  dorsospinifer,  f.  5,  and  three  other  species,  Aci- 
daspis  bispinosus,  f.  6,  CjphoniBcus  socialis,  f.  8,  and  Cheirurus  claTifrona, 
f.  1,  common  in  Pembrokeshire  and  Ireland ;  Cheirurus  gelasinosus,  Port- 
lock,  in  Scotland  and  N.  Ireland,  are  now  well-known  species.  Lichas 
Hibemicus,  from  Tyrone,  and  Lichas  laxatus,  Foss.  44.  f.  5,  are  examples 
of  a  highly  complex  genus  not  known  in  a  complete  form  when  my  former 
work  was  printed.  Illsnus  Davisii,  f.  2,  with  I.  Bowmanni,  Salter,  from 
Bala,  and  I.  Murchisoni,  from  Carmarthenshire,  are  common  trilobites. 
AgnostuB  trinodus,  f.  6,  is  a  Caradoc  fossil ;  the  A.  Maccoyi,  PI.  3.  f.  7, 
from  Builth,  is  from  the  Uandeilo  flags.  A.  pisiformis,  the  Swedish 
species,  has  been  already  quoted,  pp.  53, 104. 

New  species  of  Addaspis  from  Shropshire,  and  several  fine  forms  from 
the  Qirvan  district  of  Shropshire  have  lately  been  figured  by  Prof.  Wy- 
ville  Thomson*,  of  Belfast,  and  Mr.  Salter ;  and  there  are  numerous 
spedes  and  even  genera  yet  undescribed. 

The  minute  biyalved  crustacean  of  the  phyllopod  tribe,  Beyrichia  com- 
plicata,  f.  7,  occurs  throughout  the  whole  of  the  Lower  Silurian  region 
of  Shropshire  and  Wales.  Of  this  last-named  genus  several  other  forms 
are  known;  B.  strangulata,  Salter,  is  Lower  Silurian;  B.  KloBdeni, 
M'Coy,  B.  siliqua,  Jonesf,  &c.,  are  Upper  Silurian  species.  The  genus 
Leperditia  (composed  of  smooth  forms  of  this  group)  also  furnishes  some 
British  Silurian  species  { ;  and  one  or  two  large  fossils  of  the  phyllopod 
group  have  also  been  lately  collected  in  the  black  slates  of  the  South  of 
Scotland. 

Fossils  (46).    Lower  Silttbiav  Tsilobitbs. 


1.  CheiiTxnuclaTi- 
firons,  Dabn.  2.  Cy- 
bele  yerracosa,  Dalm. 
8.  Fhaoops  oonoph- 
thalmiiB,  BcBck.  4, 
Harpes  Flanagani, 
PortL  5.BemopIea- 
rides  dorso-spini&r, 


PortL  6.  Ajcidaspis 
bispinosuB,  M'Coj. 
7.  Ampyx  nudus.  8. 
Cyphoniscas  socia- 
lis, Salter :  the  line 
beneath  indicates  its 
natural  size. 


No  other  tribes  of  crustaceans  than  the  Trilobites,  the  few  phyUopods 
above  noted,  and  the  decapod  (?)  crustacean,  Hymenocaris  vermicauda, 
mentioned  in  Chap.  3,  have  been  found  in  the  Lower  Silurian  rocks  of 

*  Quart.  Geol.  Joum.  vol.  xiii.  p.  206. 

t  Ann.  &  Mag.  Nat.  Hist.  1855,  vol.  xvi.  pis.  5  &  6. 

t  Jones,  Ann.  &  Mag.  Nat.  Hist.  1856,  vol.  xvii.  p.  95. 

Q 
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Britom.  In  the  sequel  it  will  be  seen,  that  a  group  of  Crustacea^  vastly 
superior  in  size,  but  perhaps  not  of  higher  organization  than  those  aboye 
cited,  is  found  in  the  uppermost  band  of  the  system. 

In  grouping  the  various  habitats  of  these  forms  of  British  trilobites,  I 
would  direct  the  attention  of  the  reader  to  the  descriptions  of  the  lower 
paleozoic  fossils  in  the  Cambridge  Woodwardian  Museum,  by  Professor 
M'Coy,  in  order  that  he  may  see  how  many  species,  even  in  that  one 
rich  collection,  are  common  to  what  have  been  so  long  and  so  generally 
called  the  Lower  and  Upper  Silurian  rocks. 

He  will  see  that  out  of  fifty-one  species  of  trilobites  there  enumerated 
— ^being  double  the  list  first  published  in  my  original  work,  nearly  all  the 
new  forms  have  been  found  in  localities  of  Montgomery,  Badnor,  Brecon, 
Carmarthen,  and  Pembroke,  which  were  laid  down  by  me  as  Lower  Silu- 
rian on  the  map, — ^a  pretty  strong  indication  that  the  region  first  de- 
scribed as  Silurian  still  affords  the  best  fossil  types. 

It  is  here  important  to  remark^  that  the  impressions  of  foot- 
marks in  the  Potsdam  sandstone  or  lowest  Silurian  rock  of  North 
America^  which  were  at  first  supposed  to  have  been  made  by  tor- 
toises^ have^  in  consequence  of  the  discovery  of  better  specimens^ 
been  subsequently  referred  by  Professor  Owen  to  crustaceans* ;  and 
tracks  of  a  similar  kind^  but  far  smaller^  have  been  found  in  our  own 
country  {ante,  p.  168).  Hence  this  last  class  of  animals  may  still 
be  considered  the  highest  type  of  life  in  the  earliest  primeval  strata 
known.  It  is^  indeed^  a  remarkable  fact^  that  the  most  sedulous  re- 
search in  many  parts  of  the  world  has  fedled  to  discover  the  trace  of 
any  vertebrated  animal  in  the  lower  division  of  the  Silurian  system. 
All  the  marine  animals — ^amounting  to  many  hundred,  perhaps  even 
to  a  thousand^  species — already  known  belong  to  the  invertebrated 
classes  j  no  true  fish  having  yet  been  observedf*  This  observation  ap- 
plies also  to  the  Upper  Silurian  rocks  of  Britain^  with  the  exception 
of  their  highest  band^  as  formerly  explained  in  the  '  Silurian  System.' 

*  See  Joum.  Geol.  Soc.  vol.  vii.  p.  247>  longing  to  fishes.  The  specimens  sent 
and  vol.  viii.  p.  223.  The  zeal  of  that  to  me  have  satisfied  the  naturalists  to 
acute  and  laborious  geologist.  Sir  "Wil-  whom  thev  were  submitted  (Dr.  Car- 
liam  Logan,  in  procuring  specimens  and  penter  and  Prof.  Quekett),  that  these 
casts  of  a  wery  great  number  of  these  microscopic  bodies  do  not  exhibit  a  fish- 
large  and  cunous  impressions,  cannot  Uke  structure.  Being  unwilling,  how- 
be  too  much  commended.  In  defBinlt  ever,  to  setaside,without  strong  reasons, 
of  these  labours,  most  erroneous  ideas  the  opinion  of  so  good  an  obsen^  as 
would  have  been  propagated  respecting  M.  Pander,  whose  last  work,  a  monu- 
the  Lower  Silurian  fauna.  ment  of  his  skill  and  fMitient  research, 

t  Portions  of  very  minute  fossils  from  came  to  hand  only  whilst  these  pages 

the  Lower  Silurian  of  Russia  have,  in-  are  printing,  the  subject  will  be  recon- 

deed,  been  described  by  Pander  as  be-  sidered  in  the  sequel. 
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Having  thus  referred  to  the  figures  first  published  in  my  original 
work^  and  now  reproduced  at  the  end  of  this  volume^  as  well  as  to 
other  types  of  Lower  Silurian  age  which  have  been  subsequently 
discovered^  we  now  pass  on  to  consider  the  assemblage  of  fossil 
animals  specially  characteristic  of  the  Llandovery  rocks — ^the  for- 
mation which  connects  the  Lower  and  Upper  Silurian  divisions, 

J^bttiU  of  the  Llandovery  Bocke, — ^The  principal  organic  remains  be- 
longing to  this  sone,  which  I  previously  regarded  as  a  portion  of  the 
Lower  Silurian  rocks,  are  now  eliminated  firom  the  catalogues  through 
which  they  were  diffused  in  the  'Silurian  System*  and  in  the  first  edition 
of  this  work,  and  are  here  brought  together,     (See  Plates  8-11.) 

This  important  and  varied  group,  which  is  also  found  to  intervene 
between  the  much  greater  masses  of  the  Lower  and  Upper  Silurian  rocks 
in  Bussia,  Scandinavia,  and  America,  is  nowhere  more  Isrgely  developed 
than  in  the  British  Isles.  Though  linked  on  to  the  Lower  Silurian  by 
several  typical  forms,  the  fauna  of  these  rocks  has,  on  the  whole,  a  pe* 
culiar  fieicies ;  and  many  of  the  species  in  tlie  superior  division  of  the 
series  are  Upper  Silurian.  The  great  number  of  trilobites  we  have  been 
considering  in  the  earlier  part  of  this  chapter  have  disappeared,  and  a 
few  rare  species  of  those  ancient  crustaceans,  including  one  or  two  that 
are  specially  distinctive  of  this  intermediate  series,  are  mingled  with 
others  which  become  plentiful  in  the  Upper  Silurian  rocks.  The  pre- 
vailing corals,  brachiopods,  and  univalves  differ  but  little  from  these 
of  the  inferior  strata ;  there  being  several  typical  shells  which  have 
continued  to  live  on.  On  the  other  hand,  certain  forms  which  have 
not  been  found  in  the  Llandeilo  or  Caradoc  formations,  give  a  marked 
impress  to  this  group.  Some  of  these  discrepancies  may,  no  doubt,  be 
due  to  the  gravelly  and  sandy  nature  of  the  strata,  compared  with  the 
more  argillaceous  materials  of  the  Lower  Silurian  rocks ;  but  this  expla- 
nation will  not  suffice  when  the  arenaceous  members  of  both  groups  are 
put  in  comparison. 

Though  Grapt<^te8  are  rare,  the  G.  priodon  is  present,  a  species 
which  ranges  from  the  true  Lower  Silurian  up  to  the  Ludlow  rocks. 
The  corals  are  by  no  means  few  in  number,  and  many  of  them — such  as 
the  chain-coral,  the  various  species  of  Favosites  and  Heliolites,  Syrin- 
gopora,  Ac. — are  the  same  as  those  known  in  the  Lower  and  Upper 
Silurian«  The  Favosites  Gothlandicus  and  Heliolites  interstinctus  are 
commQU  everywhere,  and  these  species  seem  to  have  been  indifferent 
(as  very  common  species  usually  are)  to  the  nature  of  the  sea-bottom 
on  which  they  lived.  Some  new  species  are  added,  both  of  the  millepore 
and  cup-coral  groups,  which  will  be  noticed  in  their  proper  places. 

The  cup-corals  chiefly  belong  to  the  genus  Petraia,  which  is  eminently 
characteristic  of  the  Llandovery  rocks,  but  comparatively  rare  either 

q2 
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above  or  below  them.  The  moat  common  species  is  the  Petraia  sub- 
duplicata,  Foss.  28.  f.  3,  which,  with  its  elegant  variety,  crenulata,  occurs 
in  nearly  every  locality,  both  in  the  upper  and  lower  portions  of  the 
deposit,  in  Wales,  Scotland,  and  western  Ireland.  Pidtraia  elongata, 
Phill.,  a  larger  species,  is  more  common  in  the  upper  than  in  the  lower 
beds,  as  at  May  Hill,  Presteign,  Ac. ;  while  the  P.  bina,  Lonsdale, 
Foss.  52.  f.  7,  is  apparently  confined  to  the  upper  division,  and  ranges 
into  the  Wenlock  rocks.  P.  sDquisulcata  of  M*Coy,  another  large  species, 
occurs  near  Girvan  in  Scotland,  and,  with  P.  subduplicata,  is  sometimes 
found  in  true  Lower  Silurian  rocks.  A  square  species  of  Petraia,  P. 
quadrata,  M'Coy,  is  found  in  the  Qalway  strata;  it  belongs  to  the 
genua  Goniophyllum,  Milne-Edw.,  and  is  the  same  as  the  GK)thland 
Wenlock  species,  Gton,  quadratum  (according  to  the  French  Professor). 
There  are  also  other  species,  as  well  as  some  cup-corals  of  a  larger  size, 
which  may  be  species  of  Cyathophyllum  or  Omphyma,  and  these  are 
chiefly  in  the  superior  strata  of  the  formation. 

The  class  of  Bryozoa  or  Polyzoa,  which  is  not  absent  from  the  Lower 
Silurian  rocks,  as  before  mentioned,  is  represented  here  by  several 
species.  Though  not  yet  clearly  defined,  they  have  been  chiefly  referred 
to  branched  forms  of  the  genus  Ptilodictya.  P.  dichotoma,  Portlock, 
Foss.  28.  f.  5,  a  Lower  Silurian  species,  is  the  most  frequent ;  but  the 
Wenlock  forms,  P.  lanceolata  and  P.  scalpeUum,  Foss.  49.  f.  6,  &  50, 
also  occur,  with  several  incrusting  species.  The  most  remarkable  of 
these,  if,  indeed,  it  be  allowed  to  remain  in  this  group  of  fossils,  is  the 
Nidulites  favus,  Foss.  27.  f.  8.  This  fossil  is  characteristic  of  the  Lower 
Llandovery  series  both  in  S.  Wales  (Haverfordwest)  and  in  the  S.  of 
Scotland  (Girvan),  in  each  of  which  localities  it  is  associated  with  the 
same  fossils.  It  was  for  some  time  believed  .to  be  the  nidus  of  a  gas- 
teropod,  similar  to  that  made  by  the  modem  Natica*,  the  cup-like  form 
of  which  it  imitates.  This  explanation  fails,  however,  when  the  fossil 
is  more  closely  examined ;  since  the  cells  are  equal  and  regular  on  both 
sides  of  a  central  lamina,  and  are  set  back  to  back  like  the  cells  of  a 
honeycomb — whence  the  name.  At  the  bottom  of  the  cells  a  minute  pit 
or  depression  is  frequently  visible,  and  this  becomes  a  tubercle  on  the 
cast  (in  which  state  the  fossils  are  always  found) .  No  trace  of  any  upper 
plate  or  cover  to  the  cells  (which  would  exist  in  all  the  analogous  types 
of  Bryozoa)  has  been  detected.  The  cells  would  seem  to  have  been  quite 
open  at  the  top,  and,  as  their  size  is  greatly  larger  than  any  Uving  species 
of  that  group,  the  exact  affinity  of  the  fossil  has  yet  to  be  determined. 

Fragments  and  stems  of  Encrinites  are  not  uncommon,  but  no  perfect 
specimens  have  yet  been  obtained;  although  throughout  the  conglo- 
merates and  sandstones  of  this  age  in  S.  W^es,  Encrinite  stems  are  the 
chief,  and  oft;en  the  only  fossils.  These  stems  are  usually  hollow,  a 
*  See  Quart.  Geol.  Joura.  vol.  vii.  p.  174. 
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character  common  to  all  tbe  Lower  Silurian  species ;  while  those  of  the 
Upper  Silurian  are  chiefly  compact,  with  a  small  perforation  only.  The 
Llandovery  rocks  contain,  however,  both  these  kinds.  A  large  species 
of  Encrinite,  vrith  tuberculate  joints  alternating  with  very  narrow,  plain 
joints,  is  found  everywhere  in  the  Upper  Llandovery  strata,  and  is 
figured  from  Presteign,  where  it  abounds  (PI.  10.  f.  1). 

CystideiB  are  very  rare— a  few  detached  plates  occurring  here  and 
there  in  S.  Wales;  the  curious  genus  Glyptocjstites  (p.  207)  is,  how- 
ever, found  at  the  base  of  the  series  near  Llandovery.  The  same  species, 
G.  Bugeri,  MS.,  also  occurs  in  the  immediately  underlying  Caradoc  for- 
mation. When  this  family  of  Echinoderms  appears  in  Upper  Silurian 
strata,  the  species,  and  indeed  most  of  the  genera,  are  quite  distinct  from 
those  of  the  Lower  Silurian  rocks. 

The  Brachiopods  are,  as  throughout  the  Silurian  system,  the  most 
abundant  fossils ;  and,  as  might  be  expected,  the  species  which  range 
from  the  lower  to  the  upper  division  are  the  most  common.  The  genera 
Orthis,  Leptaena,  and  Strophomena  are  still  prevalent,  and  many  of 
these  are  the  same  species  which  have  been  quoted  as  Lower  Silurian 
types.  Discina  is  seldom  met  with.  Bhynchonella  and  Atr3rpa,  which  are 
rare  in  Lower  Silurian  rocks,  become  plentiful,  and  Spirifer  appearo  fpr 
the  firat  time. 

The  Fentameri  are,  however,  the  characteristic  fossils  which  impart 
to  this  zone  its  peculiar  and  distinct  fades.  No  less  than  five  species, 
whether  smooth  or  only  slightly  ribbed,  occur,  and  of  these,  the  P.  ob- 
longus  is  the  best  known  and  the  most  widely  spread.  This  typical 
shell  is  easily  distinguished  from  the  other  species,  P.  lens  and  P.  lira- 
tus,  by  the  great  length  of  the  mesial  septum,  which  in  these  latter  is 
quite  a  short  appendage  to  the  Y-shaped  chamber*.  The  two  longitu- 
dinal plates,  also,  which  divide  the  upper  valve,  are  peculiar  to  this  spe- 
cies ;  whilst  in  P.  lens  they  are  very  short,  and  in  P.  liratus  are  reduced 
to  a  pair  of  processes  which  pass  inwards,  but  do  not  show  upon  the 
surface  of  the  cast.  P.  globosus  is  a  rare  species,  easily  recognized  by 
its  globular  shape ;  and  P.  undatus  is  small  and  broad,  with  a  wide  cen- 
tral fold,  and  very  short  dividing  plates  (see  Plate  8). 
(  The  distribution  of  these  species  is  as  follows : — ^Li  the  Lower  Llan- 
dovery rocks  of  S.  Wales,  the  P.  undatus  and  P.  lens  are  everywhere 
found,  the  P.  globosus  and  P.  oblongus  being  rare.    In  the  upper  series, 

*  The  P.  undatus,  a  most  ahundunt  Upper  Silurian  rocks.    For  a  descrip- 

species,  is  considered  by  M'Coy  to  be  tion  of  the  structure  of  Pentamenis, 

iaentictil  with  the  P.  linguifer  of  the  consult  Mr.  Davidson's  Monograph,  Pa- 

Woolhope    and  Wenlock    Umestones.  lieontographical  Society,  vol.  i.  p.  97 ; 

The  gnait  point,  however,  on  which  I  and  for  excellent  descriptions  of  the 

relied  in  formerly  classins  these  rocks  species,  see  Prof.  M'Cov  in  the  Synopsis 


Lower  Silurian,  was  the  invariable  of  the  Woodwardian  Museum.  The  P. 
absence  of  their  type  shell  P.  oblongus,  microcamerus  of  this  author  appears 
and  its  usual  associates,  from  all  the    not  to  be  distinct  from  P.  lens. 
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whether  in  S.  Wales,  Shropshire,  or  in  the  S.  of  Scotland  (as  at  Saugh 
Hill  neap  Girvan),  the  P.  oblongus  is  the  prevailing  fossil,  occurring  often 
in  great  banks  to  the  exclusion  of  all  other  fossils,  but  generally  accom- 
panied bj  the  species  just  named.    At  May  Hill  and  the  Malvems,  the 

FoBBiLS  (47).    Typical  Llaxtpoyxby  Fossils. 


1.  PentameroB  lens.  2.  P.  oUongus.  8.  P.  liratus,  Sow.  4.  Atrypa  hemisphsrica. 
5.  A.  reticulariB.  6.  PentamemB  undatus.  7.  Strophomena  compressa.  8.  Holo- 
pella  oanoellata.  9.  Bellerophon  trilobatuB.  10.  Encrinurus  punctatuB.  11.  Petraia 
Bubduplicata,  M^Coy. 

P.  lens  is  by  far  the  more  common  species ;  P.  liratus  accompanies  both 
these  in  the  higher  beds,  and  is  the  only  one  of  the  five  species  which 
ranges  into  the  base  of  the  Wenlock  formation. 

Of  Terebratuloid  shells,  two  or  three  are  typical  of  the  formation. 
The  characteristic  species  of  the  Lower  Llandoyery  rocks  is  the  smooth 
shell,  the  Bhynchonella  (Hemithyris)  angustifix)ns,  M'Coy,  Foss.  48.  f.  2. 

Fossils  (48).    Llaxtdoyeby  Bsachiofods. 


1 .  RhyiichoneUa  MmU, 
M*Coy.  9.  R.  anguBti- 
frona,  M*Co]r.  3.  Orthk 


reTena,  Salter.  All  oc- 
cur in  the  S.  of  Scotland 
and  the  W.  of  Ireland. 


It  was  first  described  from  the  sandstones  of  MuUoch,  Ayrshire,  and 
has  since  been  detected  near  Builth,  and  in  the  lower  beds  at  Llandoyery. 
It  is  indeed  doubtful  if  it  can  be  referred  to  Bhynchonella;  being  probably 
of  the  same  genus  with  the  so-called  Atrypa  crassa,  PL  9.  f.  7,  one  of  the 
commonest  species  in  the  same  beds,  and  apparently  confined  to  them. 
B.  furcata,  PI.  9.  f.  12,  one  of  the  same  group,  is  an  Upper  Llandovery 
species.  B.  decemplicata,  f.  15,  is  a  characteristic  shell  of  the  Upper 
Llandovery  rocks,  and  abounds  through  the  Malvern  and  May  Hill 
districts,  and  round  the  flanks  of  the  Longmynd.  It  is  never  found  in 
the  Lower  Llandovery  beds,  but  occurs  in  the  Denbighshire  sandstones, 
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associated  with  Upper  Silurian  foBsils  only.   B.  nucola,  PI.  22.  f.  1,  occurs 
witli  it  at  Tortworth  and  May  Hill.    Another  species,  which  cannot  be 
distinguished  from  the  B.  obtusiplicata  of  Hall,  is  found  in  the  conglo- 
merates on  the  west  flank  of  the  Worcester  Beacon,  Malvern.    The  B. 
serrata,  Foss.  48.  f.  1,  a  beautiful  shell,  with  B.  sexcostata,  M'Coj,  are 
found  in  Ghdwaj,  the  former  also  in  Ayrshire.    B.  cuneata  and  B. 
borealis  are  met  with  in  the  S.  of  Scotland,  with  B.  Wilsoni.     The  last 
fossil  is  thenceforward  persistent  throughout  all  the  deposits  to  the  Upper 
Liudlow  inclusiye.    B.  Grayii,  Foss.  57.  f.  8,  and  B.  didyma,  both  charac- 
teristic Wenlock  forms,  are  found  in  the  upper  beds,  near  Llandovery. 
The  genus  Atiypa  is  very  abundant.    A.  marginalis,  PI.  9.  f.  2,  is  one 
of  the  common  fossils  of  the  formation.    A.  reticularis,  Linn.,  PI.  9.  f.  1, 
and  Foss.  47.  f.  5,  appears  to  have  commenced  vnth  the  Llandovery 
period  and  ranges  upwards  throughout  all  the  overlying  Silurians.     On 
the  other  hand,  the  A.  hemisphsrica,  PI.  9.  f.  3,  is  confined  to  the  Upper 
Llandovery  beds*    This  species  swarms  at  Tortworth,  Presteign,  and 
Abberley,  but  is  rare  in  Wales.     Spirifer  elevatus  and  S.  trapezoidalis 
are  found  at  Tortworth  and  May  Hill  (see  Plates  9  &  21). 

The  well-known  Lower  Silurian  Orthides,  O.  calligramma  (not  flabel- 
lulum)  and  O.  elegantula,  PI.  9.  f.  19  &  21,  are  somewhat  frequent  in  the 
Llandovery  rocks,  and  are  also  occasionally  accompanied  by  O.  Actoniie 
and  O.  insulans.  Pander.  Other  species  peculiar  to  these  rocks  are :  O. 
reversa,  Salter*  Foss.  48.  f.  8,  and  O.  kta,  Sil.  Syst.,  PL  9.  f.  23,  whilst 
O.  biloba  and  O.  elegantula,  which  are  Upper  Silurian  species,  are  also 
known  in  both  divisions  of  this  formation. 

Qf  the  genus  Strophomena,  the  widely  spread  S.  depressa,  which 
ranges  from  the  Llandeilo  to  the  Wenlock  rocks,  and  S.  antiquata, 
are  common  in  the  lower  division ;  the  S.  bipartita,  of  Caradoc  age,,  and 
S.  euglypha,  of  the  Wenlock  deposits,  are  more  rare.  Li  the  upper 
beds,  S.  compressa,  PI.  9.  f.  16,  vnth  S.  pecten,  Foss.  58.  f.  3,  and  a  new 
species,  S.  arenacea,  MS.fi  are  frequent  types. 

The  Leptffina  transversalis  and  L.  sericea,  PI.  9.  f.  18,  both  well-known 
Lower  Silurian  fossils,  with  a  small  new  species,  L.  scissa,  MS.,  are  found 
in  both  of  the  Llandovery  divisions,  the  first-named  being  the  most  com- 
mon fossil. 

Of  LingulaB  there  are  a  few  species :  the  L.  crumena,  Phillips,  Fobs. 
12.  f.  5,  p.  74,  and  L.  parallela,  Phill.,  are  common  at  Malvern,  and  there 
is  a  species  yet  unnamed,  in  the  Lower  Llandovery  rocks.  Discina 
(Orbicula,  Sil.  Syst.)  is  very  rare ;  but  the  small  Crania  impHcata,  PI.  20. 
f.  4,  is  found  occasionally  in  the  higher  beds. 

The  above-mentioned  brachiopod  shells  are  by  no  means  equally  dis- 
tributed throughout  the  various  localities  where  the  Llandovery  strata 

*  Griffith's  Synopsis  Silurian  Fossils  of  Ireland,  Appendix,  pi.  5.  f.  2. 

t  These  new  species  will  be  soon  described  in  the  Memoirs  of  the  Geol.  Survey. 
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crop  out.  In  the  Abberley,  Malvem,  and  Tortworth  districts,  the  Atrypa 
hemispbaarica  is  tbe  common  fossil,  and  Fentameri  are  rare.  At  May 
Hill,  and  round  tbe  flanks  of  tbe  Longmynd,  on  tbe  otber  band,  tbe 
various  species  of  Fentamerus  prevail,  and  are  accompanied  by  Ortbis 
caUigramma  and  O.  reversa,  Stropbomena  compressa,  Spirifer  plicatellus, 
and  S.  elevatus,  and  at  May  Hill  by  a  rare  Obonetes  lata.  Tbe  Malvern 
district  is  ricb  in  a  variety  of  fossils.  Besides  tbe  Fentameri,  Rbyn- 
cbonella  decemplicata,  E.  furcata,  and  several  otber  species  of  tbe  genus, 
not  yet  named,  we  tbere  meet  witb  many  ime  Lingulse,  wbieb  bave 
been  above  noticed.  In  tbe  Abberley  Hills,  Atrypa  bemispb»rica  is  tbe 
common  fossil. 

Tbe  small  outlier  at  Fresteign  (p.  118)  contains  few  species,  but  tbese 
attain  a  large  size ;  tbe  Fentamerus  oblongus  and  Atrypa  bemispbsBrica 
being  profusely  distributed  in  it.  Along  tbe  S.  Welsb  frontier  tbe  upper 
and  lower  divisions  are  marked  by  tbeir  peculiar  Fentameri,  as  already 
noted,  p.  97. 

In  tbe  cliffs  of  Marloes  Bay,  Pembrokesbire,  wbere  tbe  Llandovery 
rocks  assume  a  peculiar  mineral  structure  (see  p.  169),  tbe  ordinary  Bra- 
cbiopods  still  prevail.  Tbus,  tbe  Fentamerus  liratus  lies  at  tbe  base  of 
tbe  Wenlock  series,  witb  a  tbin  layer  of  F.  oblongus  undemeatb.  Tbese 
are  in  tbat  locality  tbe  only  representatives  of  tbe  genus.  Bbyncbonella 
decemplicata,  and  a  new  species  witb  two  raised  ribs  in  front,  Stropbo- 
mena compressa,  and  Atrypa  bemispbaBrica,  are,  bowever,  common.  In 
Galway  tbe  Ortbis  calligramma  forms  entire  beds,  and  tbe  only  Fenta- 
merus yet  foimd  tbere  is  tbe  F.  oblongus.  Atrypa  bemispbterica  is  also 
tbere  botb  numerous  and  of  great  size ;  and  Ortbis  reversa,  witb*  tbe 
Bbyncbonella  serrata,  are  common.  Tbese  species  also  abound  in  Ayr- 
shire, wbere  tbe  B.  serrata,  and  small  forms  of  tbe  Atrypa  bemispbsrica 
lie  in  tbe  upper  beds,  and  a  large  variety  of  tbe  latter  species,  witb 
Bbyncbonella  angustifrons  and  Ortbis  reversa  in  tbe  lower.  Tbe  distri- 
bution in  Ayrshire  is,  therefore,  like  that  in  S.  Wales ;  and  tbe  otber 
groups  of  fossils,  as  well  as  the  Bracbiopoda,  follow  tbe  same  rule. 

Lamellibrancbiate  shells  are  not  common,  but  certam  species  are  cha- 
racteristic of  tbe  formation.  A  long  variety  of  tbe  Fterinea  (Avicula) 
retroflexa,  Fl.  23.  f.  17  (F.  demissa,  Conrad),  is  plentiful  at  Malvern,  and 
also  in  tbe  Connemara  tract  of  Galway,  wbere  two  or  three  otber  Ludlow 
rock  forms  occur,  such  as  F.  sublaevis  and  F.  bullata,  M'Coy,  witb  F. 
lineatula,  Fl.  23.  f.  16.  A  small  species,  perhaps  inaccurately  referred 
to  the  genus,  F.  planulata,  Foss.  59.  f.  6,  is  not  uncommon  in  the  upper 
beds  of  tbe  formation ;  it  is  a  Wenlock  species.  Cucullella  ovata  and 
antiqua  are  found  in  Galway. 

Two  or  three  rather  large  species  of  Nucula  occur  near  Malvern,  such 
as  tbe  N.  lingualis,  FbiUips,  N.  rbomboidea,  of  the  same  author,  and  its 
variety  N.  deltoidea.    Tbere,  too,  the  remarkable  thick  epedes,  Cteno- 
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donta*  (Nucula)  Eastnori  and  C.  subsqualis,  Fl.  10.  f.  7-9,  abound. 
Nucula  ovalis,  PL  23.  f.  10,  and  N.  subcylindrica,  M'Coy,  are  GFalway 
spedes.  Lyrodesma  (Actinodonta)  cuneata,  Phillips,  is  characteristic 
of  the  Upper  Llandovery  beds  in  Pembrokeshire. 

A  few  Mjtiloid  shells  are  to  be  noticed.  These  are :  M.  mjtilimeris, 
Foss.  60.  f.  6,  at  LlandoTery  and  May  Hill ;  two  or  three  species  of 
Modiola  at  Tortworth ;  and  the  small  Anodontopsis  (Lucina)  bulla,  f.  5, 
a  species  which  has  lived  on  to  the  close  of  the  Ludlow  rocks,  and  was 
first  described  by  M'Coy  from  Gtalway.  Orthonotus  semisulcatus,  Sow., 
is  recorded  by  that  author  from  the  Ayrshire  sandstone,  and  O.  rotun- 
datus,  PI.  23.  f.  5,  from  GtJway,  where,  too,  a  solitary  species  of  Pleuro- 
rhynchus,  P.  pristis,  Salter,  has  also  been  found. 

If  the  Lamellibranchiate  shells  do  not  present  any  marked  characters, 
it  is  otherwise  with  the  Gasteropods,  which  are  numerous  and  peculiar. 
Both  turbinate  and  elongate  forms  abound ;  such  as  angular  species  of 
Fleurotomaria  and  Murchisonia,  the  depressed  form  Saphistoma  (so 
common  in  the  Lower  Silurian),  Euomphalus,  TrochusP,  Holopea  and 
Holopella.  Macrocheilus,  Acroculia,  Patella,  and  even  Chiton  are  also 
found  here.  The  last  is  particularly  interesting,  carrying  back,  as  it 
does,  a  marked  and  common  living  genus  to  this  middle  Silurian  timet- 
It  is  of  so  elongate  a  form,  that  the  term  Helminthochiton  was  applied  to 
it  by  Mr.  Salter,  who  described  it  so  &r  back  as  1846  in  Mr.  Griffith's 
Synopsis  of  the  Silurian  Fossils  of  Ireland.  Acroculia  Haliotis  is  rare 
in  the  upper  beds,  in  which  only  Euomphalus  funatus  and  E.  sculptus, 
BO  abundant  at  Tortworth,  are  found.  There  are  several  undescribed 
species  of  Turbo ;  though  some  shells  referred  to  this  genus  evidently 
do  not  belong  to  it,  but  are  thin  shells  with  strong  strisD  of  growth,  and 
raised  ridges  round  the  whorls.  Such  are  T.  trochleatus  of  M'Coy  and 
T.  tricinctus,  M'C,  from  Ghilway ;  and  such,  also,  may  be  the  thin  Ame- 
rican shells  called  Cyclonema  by  Hall,  and  of  which  C.  ventricosa  of  that 
author  is  found  at  Tortworth.  The  little  Turbo  tritorquatus,  M*Coy, 
from  Llandovery,  and  also  from  Gtdway,  may  belong  to  this  group ;  there 
is  but  slight  evidence,  however,  that  any  of  the  above-named  species 
belong  to  the  genus  to  which  they  have  been  assigned. 

The  genus  Trochus,  so-called,  numbers  two,  if  not  three  species.  The 
T.  Moorei,  M'Coy,  is  probably  a  Fleurotomaria ;  but  the  T.  multitorqua- 
tus  of  that  author,  which  (or  an  allied  species)  appears  to  occur  both  in 
Ayrshire  and  Pembrokeshire,  can  scarcely  be  referred  at  present  to  any 
other  genus.    It  is  a  most  remarkable  shell,  with  at  least  seven  flat  whorls. 

*  Isoarca  has  incurved  beaks  and  a  the  Regents  of  the  University  for  1856, 

wide  ligamental  area;  otherwise  these  Albanv,  1857,  pp.  141  &c. 

Nuculs  with  external  ligamento  would  t  Frof.  de  Koninck,  of  «Li^,  has 

belong  to  it.  Seep.  213.    Also  J.  Hall,  lately  detected  two  other  species  in  the 

Descnptions  of  New  Fossils,  Report  of  Dudley  shale. 
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PleurotomorisB  and  MurchisoniaB  are  common  fossik.  P.  (Turbo)  Pryce© 
and  P.  angulata,  PL  10.  f.  11, 12,  are  found  throughout  the  Lower  Llan- 
dovery of  Wales.  The  inhabitants  of  these  shells  seem  to  have  delighted 
to  live  upon  the  sandy  and  pebbly  shoals  which,  now  formed  into  con- 
glomerate, are  so  frequent  in  the  hills  t)n  the  right  bank  of  the  Towy. 
Murchisonia  simplex,  M^Coy,  is  found  in  similar  situations,  but  in  a  less 
coarse  matrix ;  it  is  also  a  true  Lower  Silurian  species.  M.  cancellatula, 
M*Coy,  is  an  Ayrshire  fossil,  and  M.  pulchra,  M*Coy,  a  ChJway  species. 
A  large  angular  shell,  to  which  Mr.  Salter  applies  the  MS.  name  P.  bi- 
coronata,  is  very  common  at  Haverfordwest  and  in  other  parts  of  Wales. 
Saphistoma  lenticularis,  PI.  10.  f.  10,  is  everywhere  met  with  in  the 
Upper  Llandovery.  Two  or  three  species  of  Holopella  (Turritella  of 
my  old  work)  are  found  in  the  same  zone  at  Tortworth,  and  appear  to  be 
also  the  common  species  of  the  uppermost  LudloW  rock — T.  obsoleta,  T. 
gregaria,  Ac.  These  have  been  found  in  Galway  too  by  M*Coy,  as  well 
as  a  new  species,  H.  plana,  M'Coy.  H.  tenuicincta  of  the  same  author 
is  a  Lower  Llandovery  form,  while  H.  cancellata,  our  largest  British 
species,  often  three  inches  long,  is  common  to  the  Lower  and  Upper 
Llandovery,  and  abounds  in  still  higher  beds  at  the  Bogmine  near 
Shelve  in  Shropshire.  An  angular-whorled  Loxonema  is  found  at  Mar- 
loes  Bay ;  and  Macrocheilus  fusiformis,  the  largest  of  the  Gasteropoda 
of  the  Llandovery  rocks,  is  a  rare  fossil  from  Presteign. 

The  Pteropods  contribute  a  few  species,  of  which  Gonularia  Sowerbyi, 
PL  26.  f.  10,  Cyrtolites  Scoticus,  M*Coy,  and  a  fine  species  of  Pterotheca 
are  the  chief.  The  last,  which  much  resembles  P.  transversa  of  the 
Lower  Silurian,  occurs  in  the  Upper  Llandovery  rock  of  Tortworth. 

Of  BeUerophon,  no  less  than  eight  species  have  been  already  observed, 
and  there  are  probably  many  more.  The  great  B.  dilatatus,  PL  25.  f.  6, 
is  found  both  in  Lower  and  Upper  Silurian,  as  well  as  in  this  band.  B. 
bilobatus,  PL  7.  f.  9,  so  common  in  the  Garadoc  sandstone,  and  so  cha- 
racteristic of  the  Lower  Silurian  of  France,  Spain,  and  Bohemia,  ranges 
up  into  the  Lower  Llandovery  in  Ayrshire,  where  B.  subdecussatus, 
M'Coy,  and  at  least  two  other  unnamed  species  occur.  Lastly,  the  B. 
trilobatus,  one  of  the  uppermost  Ludlow  or  Tilestone  species,  PL  34. 
f.  9,  is  found  both  at  Tortworth  and  in  G^way. 

A  few  Cephalopoda  only  have  yet  been  described  from  these  deposits, 
though  they  are  not  rare.  Orthoceratites,  of  both  smooth  and  annulated 
forms,  are  indeed  often  met  with.  The  Orthoceras  conicum,  Sow.,  of  the 
Sil.  Syst.  pi.  21.  f.  21,  is  perhaps  the  most  frequent  in  the  upper  beds. 
O.  Barrandei,  Salter,  of  Ayrshire,  is  one  of  the  shortest  forms  known, 
and  is  figured  in  the  Quart.  G^oL  Journal,  vol.  vii.  pi.  9.  f.  19.  O.  tenui- 
striatum  of  Munster,  a  species  with  fine  longitudinal  strisB,  occurs  at 
HaverfordVrest  and  in  Ayrshire ;  and  the  O.  bullatum,  PL  29.  f.  1,  and 
O.  angulatum,  PL  28.  f.  4,  are  quoted  by  M^Coy  from  Galway.     Prof. 


Digitized  by  VjOOQIC 


Chap.  DL]        TMLOBITKS  OF  THE  LLANDOVEEY  EOCKS.  236 

M'Coy  mentions  five  or  six  smooth  spedeB  from  the  Gfdway  beds,  in- 
duding  the  O.  tenuicinctum  of  Poitlock.  As  these  species  range  from 
Lower  to  Upper  Silurian,  it  is  most  important  to  note  this  fact,  in 
treating  of  a  band  which  unites  those  two  great  divisions. 

The  most  remai^able  of  all  these  cephalopods  is  the  Tretoceras  bi- 
siphonatum,  a  singular  Orthoceras  with  a  double  siphuncle,  or  rather  (as 
shown  by  Mr.  Salter)  with  a  deep  lateral  tube  piercing  the  septa,  as 
well  as  a  siphuncle.  This  remarkable  fossil  should  be  sought  for  by  col- 
lectors. It  is  figured  in  PI.  11.  f.  5,  from  the  Upper  Llandovery  rocks  of 
Gt)rllwyny  near  Llandovery,  S.  Wales.  Lituites  comu-arietis,  a  Caradoc 
species,  occurs  in  the  lower  division  of  these  rocks  at  Llandovery ;  Cyr- 
toceras  (Orthoc,  Sil.  Syst.)  approximatum,  PL  11.  f  4,  at  Eastnor  Park ; 
and  a  fine  large  species,  yet  unnamed,  of  the  latter  genus  was  obtained 
from  the  precipitous  strata  of  Castell  Craig  GFwyddon,  near  Llandovery. 
Lastly,  the  Phragmoceras  (?)  compressum,  PI.  31.  f.  4,  a  Wenlock  fossil, 
has  occurred,  with  many  Lower  Llandovery  species,  in  the  hard  sand- 
stones of  Thrave,  near  Girvan,  Ayrshire. 

Annelida  are  plentiful ;  both  the  TentacuHtes  Anglicus,  PI.  1.  f.  3,  and 
Comulites  serpularius,  PI.  16.  f.  3-10,  being  the  common  fossils  in  Tort- 
worth  aud  other  districts.  They  are  less  frequent  in  the  lower  division. 
Tentaculites  omatus,  PI.  16.  f.  11,  is  rare,  but  is  found  in  Ayrshire. 

Of  Trilobites  few  species  are  characteristic.  K  we  except  the  Pha- 
cops  Weaveri,  Sfdter  *,  a  large  species  of  IllaBuus  like  I.  Bowmanni,  which 
is  frequent  in  S.  Wales,  and  also  occurs  in  Shropshire  and  Scotland, 
there  are  no  forms  known  to  be  peculiar  to  this  intermediate  formation. 
Of  these  species,  it  is  remarkable  that  the  P.  Weaveri  is  found  in  beds  of 
corresponding  age  at  Point  Gbspe,  in  the  distant  region  of  Canada.  The 
species  of  SLenus  above  quoted  differs  considerably  from  I.  Bowmanni  of 
the  inferior  rocks,  which,  nevertheless,  is  found  here  with  it.  The  last- 
named  fossil,  with  Lichas  laxatus,  M'Coy,  and  probably  the  Asaphus 
latifrons,  Portlock,  or  its  closely  allied  form,  are  three  Lower  Silurian 
species  of  Trilobites  which  range  into  these  Llandovery  rocks.  The 
other  Trilobites  are  weU-known  Upper  SDurian  types,  viz.  Phacops 
Stokesii  and  P.  caudatus  (the  former  common,  the  latter  rare),  Aci- 
daspis  Brightii,'  and  Cheirurus  bimucronatus,  with  the  small  Gyphaspis 
megalops  and  Proetus  latifrons,  M'Coy.  The  most  common  of  all  is  the 
Encrinurus  punctatus ;  whilst  the  Calymene  Blumenbachii,  which  ranges 
from  the  Snowdon  or  Caradoc  rocks  to  the  Upper  Ludlow,  is  not  unfre- 
quent.  Lastly,  it  is  also  to  be  observed,  that  a  fragment  of  the  Ptery- 
gotus  was  detected  by  the  late  H.  E.  Strickland  in  the  Malvern  district. 

No  traces  of  fish-remains  have  been  discovered  in  British  deposits 
of  this  age,  nor  in  the  overlying  Wenlock  rocks. 

*  Mem.  Geol.  Surv.,  Decade  1.  pi.  1.  f.  16. 
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The  reader  who  has  perused  the  preceding  details  respecting  the 
distribution  of  organic  remains^  as  well  as  those  former  chapters 
which  treat  of  the  ascending  series  of  Silurian  deposits  constituting 
the  system^  will  have  perceived^  that  the  sharp  distinction  which  was 
at  first  supposed  -to  exist  between  the  Lower  and  Upper  Silurian 
rocks  no  longer  holds  good.  When  my  classification  was  proposed 
in  the  year  1835^  scarcely  one  of  those  species  which  were  considered 
typical  of  the  inferior  division  had  been  observedto  pass  upwards  into 
the  superior  group^  and  yet  the  community  of  genera  convinced  me^ 
that  the  whole  should  be  united  in  one  natural  system.  Seeing  that 
the  type  shell  of  the  Llandovery  and  May  Hill  sandstones^  the  Pen- 
tamerus  oblongus^  was  never  detected  in  the  overlying  Wenlock  shale^ 
and  was  associated  with  certain  species  which  belonged  to  the  lower 
part  of  the  series^ — and  influenced  also,  to  some  extent,  by  mineral 
characters,  I  classed  the  former  as  the  summit  of  my  Lower  Si- 
lurian rocks. 

With  the  enlargement,  however,  of  the  field  of  examination,  not 
only  by  the  survey  of  all  Wales,  but  by  researches  in  belaud  and 
Scotland,  and  by  the  more  exact  comparison  of  the  fossils,  it  has  be- 
come evident,  that,  whilst  a  great  number  of  species  pervade  nearly 
the  whole  system,  the  zone  so  laden  with  Pentameri,  to  which  the 
term  Llandovery  Bocks  has  been  applied,  is  truly  of  intermediate  cha- 
racter. In  short,  its  inferior  member  contains  many  Lower  Silurian 
types,  and  its  superior  strata  are  unquestionably  more  connected  with 
the  Upper  Silurian  group  (of  which,  throughout  many  tracts,  they 
form  the  natural  physical  base),  and  are  locally  transgressive  to  the 
inferior  rocks.  Hence,  in  the  legend  attached  to  the  Map,  the 
Lower  Llandovery  is  grouped  with  the  inferior  division ;  the  Upper 
Llandovery,  though  still  characterized  by  the  same  Pentameri  as  the 
lower  mass,  being  linked  on  to  the  superior  strata. 

It  is,  indeed,  important  to  give  a  prominence  to  this  connecting 
zone,  by  treating  separately  of  its  characteristic  fossils ;  for,  as  will 
hereafter  appear,  there  are  foreign  countries  (Scandinavia  and  Russia) 
in  which  there  is  no  discordance  of  strata,  and  where  the  stratigra- 
phical  and  lithological  passage  firom  Lower  to  Upper  Silurian  is  in 
perfect  harmony  with  the  zoological  transition  above  described. 
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CHAPTER  X. 

FOSSILS  OF  THS  UFPEB  SILUBIAN  BOOKS. 

Ths  reader  has  already  been  told  that  many  spedes  of  fossils^  once 
supposed  to  be  peculiar  respectively  to  the  Lower  or  Upper  Silu- 
rian rocks,  are  now  ascertained  to  be  common  to  both,  and  neces- 
sarily to  the  intermediate  and  connecting  group. 

This  datun  is  the  result  of  the  researches  of  various  geologists 
and  paleontologists,  whether  in  the  region  first  explored,  or  in 
tracts  of  hi  greater  extent  which  have  recently  been  paralleled  with 
it.  Similar  results  have,  in  truth,  invariably  followed  from  a  full 
and  broad  development  of  the  natural  geological  groups  of  the 
secondary  and  tertiary  strata,  which  were  described  and  classified 
before  the  older  rocks  of  which  we  now  treat  had  been  brought 
into  order,  or  even  into  notice.  Thus,  for  example,  when  the  dif- 
ferent members  of  the  oolitic  formations  reposing  on  the  lias  were 
studied  in  one  tract  only,  as  on  the  eastern  coast  of  Yorkshire, 
they  were  seen  to  be  there  composed  of  a  series  of  zones,  each  of 
which  is  sharply  separated  from  the  contiguous  deposits  by  fossils 
confined  to  it.  In  tracing,  however,  the  same  strata  to  remote 
distances,  certain  remains,  which  were  once  viewed  as  typical  of  one 
member  only,  were  found  to  be  common  to  several  subformations ; 
thus  combining  the  whole  in  one  natural  system — ^the  oolitic  or 
Jurassic. 

This  is  just  what  has  happened  in  the  lower  paleozoic  rocks,  now 
that  the  inferior  and  superior  masses,  and  the  chief  formations  and 
subdivisions  of  Siluria,  have  been  ascertained  by  my  cotemporaries 
to  occupy  nearly  all  North  and  South  Wales,  large  tracts  of  Cum- 
berland, Westmoreland,  and  Lancashire,  great  regions  in  Scotland 
and  Lreland,  and  various  parts  of  Europe  and  America. 

In  short,  the  two  chief  divisions,  which,  from  a  general  similarity, 
were  originally  grouped  together,  have  been  demonstrated  to  con- 
stitute a  natural  system,  through  a  community  of  organic  remains. 
For,  even  if  the  contents  of  the  intermediate  middle  zone  of  Llan- 


Digitized  by  VjOOQIC 


238  SILITRIA.  [Chap.  X. 

dovery  rocks  be  abstracted  from  the  estimate^  still  there  are  many 
species — firom  fifty  to  sixty — which  range  from  the  Llandeilo  and 
Caradoc  deposits  into  the  Wenlock  and  Ludlow  rocks. 

The  vertical  range  of  all  these  fossils  through  the  chief  Silurian 
deposits  will^  indeed^  be  given  at  the  end  of  the  volume^  in  a  Table 
which  has  been  prepared  by  Mr.  Salter  aided  by  Professor  Morris. 

To  some  of  the  most  striking  of  these  remains  which  pervade  the 
whole  system^  allusion  has  already  been  made  (Chap.  IX.)^  and 
notice  will  now  be  taken  of  other  forms^  of  like  duration  in  time^ 
which  are  more  abundant  in  the  upper  division.  The  attention, 
however,  of  the  reader  will  be  directed  chiefly  to  the  types  which 
are  peculiarly,  and,  as  far  as  our  present  knowledge  goes,  exclu- 
sively. Upper  Silurian.   (See  Plates  13-85.) 

The  Graptolites,  which,  as  before  stated,  are  so  very  abundant  in  the 
shaly  and  schistose  portions  of  the  Lower  Silurian  of  Wales  and  Scotland, 
become  much  more  scarce  as  to  species  in  the  Upper  Silurian;  and, 
though  there  are  many  tracts  where  the  Wenlock  shale  and  Lower 
Ludlow  rocks  are  crowded  with  them,  it  is  only  one*  species — ^the  Grap- 
tolites  priodon — ^that  is  abundant  in  these  upper  divisions  of  the  system. 
When  argillaceous  sediments  abound  in  these  rocks,  the  Graptohte  is 
rarely  absent ;  but  with  the  cessation  of  such  peculiar  conditions,  this 
zoophyte,  which  must  have  grown  on  the  fine  mud  at  the  bottom  of  the 
sea,  disappears. 

One  of  these  Graptolites,  which  occurs  in  the  old  rocks  of  Snowdon, 
ranges  through  the  series  even  to  the  Upper  Ludlow  rocks,  and  hence 
was  named  G-.  Ludensis  before  it  was  identified  with  G.  priodon.  Li 
the  Wenlock  shale,  especially  towards  the  base  of  that  deposit,  that 
fossil  is  sometimes  accompanied  by  a  very  beautiful  and  peculiar  species 
— ^the  Eetiolites  Geinitzianus  of  Barrande.  The  latter  occupies  the  same 
position  (at  the  base  of  the  Upper  Silurian  series)  in  Bohemia,  whence  it 
was  first  described.  It  is  a  double  Ghraptolite,  like  the  genus  Diplograp- 
sus  (see  PI.  1.  f.  2),  from  which,  however,  it  differs  essentially  in  having 
no  central  axis,  and  in  having  the  surface  composed  of  a  reticular  tissue 
instead  of  a  continuous  homy  coat.  An  excellent  figure  of  it  is  given 
in  the  memoir  of  M.  Barrande  on  the  *  Graptolites  of  Bohemia.*  Above 
the  Ludlow  rocks,  and  throughout  the  whole  series  of  overlying  paleo- 
zoic strata,  no  true  Graptolite,  as  before  observed,  has  ever  been  found ; 
and  I  repeat,  therefore,  that  this  animal  is  a  marked  Silurian  type. 

*  Another  ipeciea  has  been  detected  Salter,  found  in  Kirkcudbright  Bay, 

(but  only  in  one  locality,  where  it  is  where  it  waa  first  collected  by  the  Earl 

plentiful)  in  strata  believed  to  be  of  of  Selkirk.    See  Quart.  Joum.  Geol. 

Wenlock  age.    It  is  Qrapt.  Flemingii,  Soc.  vol.  viii.  pi.  21.  f.  5, 6. 
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It  should  further  be  observed,  that  in  Britain  neither  the  double  or 
foliaceous  Grraptolite  (Diplograpsus),  nor  the  twin  Graptolite  (Didj- 
mograpsus),  are  ever  met  with  above  the  horizon  of  the  Caradoc  forma- 
tion. Thej  are,  therefore,  excellent  indices  of  the  lower  division.  But 
in  Bohemia,  as  we  learn  from  the  work  just  cited,  the  foliaceous  types 
are  mixed  together  with  the  single-sided  forms  (Gh*aptolites)  in  the  lower 
part  of  the  upper  division. 

FOSSILB  (49).      UpPSB   SlLITBIAir  BbYOZOA. 


1.  Poljpora?  craesa  (Homen,  Sil.  Syst.).  2.  Fenestella  assimiliB  (Qorgonia^  Lonsd.), 
ft  common  Wenlock  species.  3.  F.  Lonsdalii,  D'Orb.  (F.  priscft,  SiL  Syst.).  4.  F. 
Biilleri,  LonscL  6.  Glauconome  disticha,  Gbldf.  6.  Ptilodictya  lanoeolata,  6k>ldf.,  a 
reduced  fi^nreof  a  full-grown  specimen ;  a  part  is  figured  above  it,  natural  size.  7.  is 
the  young  state ;  the  cells  are  longer  in  proportion. 

The  other  Bryozoa,  besides  Qraptolites  (if  we  may  now  safely  rank 
these  last  with  the  class,  see  pp.  64  &  203),  are  numerous,  but  not  of  as 
many  species  in  the  upper,  as  in  the  inferior  division.  The  Ptilodictya 
has  been  already  quoted  in  the  Lower  Silurian.  A  large  species,  P.  lan- 
ceolata.  Fobs.  49.  f.  6,  is  abundant  in  Wenlock  strata  (f.  7  is  the  young 
state  of  it);  and  P.  scalpellum  (Eschara,  Sil.  Syst.),  Foss.  50,  accom- 
panies it :  the  former  occurs  also  in  the  Ludlow  rocks.  Glauconome 
disticha,  Foss.  49.  f.  5 ;  Fenestella  Milleri,  f.  4 ;  and  F.  subantiqua, 

Foflsns  (50).    Wenlock  Betozook. 


Pdlodietja  tcalpellum,  Lonadale 
(Eachan,  StI.  S7Bt.)>  natural  siie. 
Abo  a  portion  mag^i^ed.    It  ii  a 


common  vptAn  in  the  Wenlock 
limestone,  and  growa  larger  tban 
repreaented  in  the  figure. 


Foss.  27.  f.  1,  are  common  fossils  at  Dudley.  Another  common  species, 
F.  assimilis  (Q-orgonia,  Sil.  Syst.),  Foss.  49.  f.  2,  is  also  figured,  as  well 
as  the  beautiful  little  cup-shaped  Fenestella  of  the  Wenlock  limestone, 
F.  Lonsdalii,  D'Orb.,  f.  3.  Polypora  (Homera)  crassa,  f.  1,  is  not  so 
often  met  with. 

The  true  corals  (Zoantharia  of  naturalists)  are  far  more  characteristic 
of  the  upper  than  of  the  lower  members  of  the  Silurian  rocks,  and  they 
are  more  abundant  in  them,  both  as  to  species  and  individuals;  the 
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nodular  limestone  bands  of  the  Wenlock  and  Aymestrj  rocks  being  fre- 
quently made  up  of  corals,  or  of  concretions  having  coralline  bodies  as 
their  nucleus  or  on  their  surfJEices. 

When  Mr.  Lonsdale  undertook,  at  my  request,  his  admirable  descrip- 
tion of  the  corals  of  the  SUurian  region,  and  carefully  superintended  the 
drawing  of  their  forms,  sixty-two  species  only  were  recognizable  in  our 
collections ;  and  these  included  the  Bryozoa  above  mentioned,  now  known 
to  be  closely  allied  to  moUusks.  But  the  number  of  corals  has  been 
greatly  increased  of  late  years,  chiefly,  as  regards  Britain,  by  the  re- 
searches of  Prof.  Milne-Edwards  and  Prof.  M'Coy.  Several  new  genera 
have  been  formed,  which,  as  they  are  founded  on  peculiarities  of  struc- 
ture, growth,  and  reproduction,  are  likely  to  prove  of  permanent  value  to 
the  zoologist  and  geologist. 

One  of  the  most  important  of  these  discoveries,  resulting  from  the 
labours  of  Prof.  Milne-Edwards,  and  his  coadjutor  M.  Jules  Haime*, 
appears  to  be,  that  the  bulk,  if  not  all  the  corals  of  the  Silurian  system, 
and  indeed  of  the  whole  paleozoic  era,  belong  to  divisions  of  the  coral 
tribe  unknown  in  modem  seas :  with  rare  exceptions,  these  groups  be- 
came extinct  at  the  close  of  the  paleozoic  epoch.  If  this  be  established, 
and  the  large  cup-  and  star-corals  (Zoantharia  rugosa)  and  the  massiv 
millepores  (Z.  tabulata)  be,  as  a  whole,  distinct  in  structure  from  th 
star-corals  and  madrepores  of  the  tertiaiy  rocks  and  of  the  existing  coral 
reefs,  we  gain  a  new  fact  in  the  history  of  animal  life  upon  the  globe, 
which  is  in  harmony  with  results  obtained  by  the  study  of  the  Crustacea, 
moUusca,  and  fish  of  the  older  epochs. 

A  number  of  corals  which  pass  from  the  Lower  to  the  Upper  Silurian 
rocks  have  already  been  enumerated,  Chap.  5 ;  and  as  these  are  gene- 
rally the  most  abundant  species  in  the  younger  division,  a  brief  list  of 
them  is  here  given. 

The  chain-ooral,  Haljaitee  catenulariuB,  Fobs.  19.  f.  6,  is  one  of  the  most  frec^uent ; 
Fayosites  Gbthlandicus,  Foss.  17.  fl  2,  3 ;  F.  alyeolaris  (F.  aspera  of  d'Orbign^), 
f.  4;  Stenopora  (Fayosites)  fibrosa,  f.  7,  8;  Heliolites  interstinctus  (Pontes jpynror- 
mis,  SiL  Sjst.),  Foss.  18.  f.  4,  6,  and  the  yar.  H.  megastoma,  WCoj  (?),  t  3,  H.  tubu- 
latus,  f.  1,  and  H.  petallifonms,  f.  2.  Besides  these,  there  is  the  doubtJPul  fossil,  Stro- 
matopora  striatella  (oonoentrica,  SiL  Sjst.^,  Foss.  51,  usually  arranged  with  the  corals, 
and  much  resemblixig  thenL    Its  true  position  is  uncertain,  and  it  may  eyen  belong  to 


the  tribe  of  Sponges. 


Fossils  (51). 


A  Metion  of  Stromato-  /  ^^^^Ift.  ^  ^'^  common  Wenlock 

pora  itrUtelU,  d'  Orb.  '' 


*  Archives  du  Mus.  d'Hist.  Nat.  vol.  v. 
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In  addition  to  those  just  quoted,  several  of  the  conspicuous  corals  of 
the  Upper  Silurian  strata  have  already  been  enumerated,  p.  138.  Of 
the  latter  it  may  be  truly  said,  that  they  swarm  in  the  Wenlock  lime- 
stone, are  found,  in  diminished  numbers,  in  the  Aymestry  rock,  and  are 
much  less  plentiful  in  the  muddy  sediments  of  the  Wenlock  shale  and 
Lower  Ludlow  rock. 

Of  the  prominent  species,  Favosites  alveolaris  and  F.  Gothlandicus 
aie,  perhaps,  the  most  generally  difPiised,  and  occur  in  masses  varying 
firom  the  size  of  a  hazel-nut  to  two  and  three  feet  in  diameter.  The 
former  may  be  easily  distinguished  (p.  132,  Foss.  17.  f.  4)  on  breaking 
the  mass,  by  the  angles  of  the  tubes  being  toothed,  while  those  of  the 
other  (f.  2, 8)  are  smooth-edged  regular  prisms,  on  which  the  double  row 
of  pores  is  very  conspicuous.  F.  cristatus,  f.  1  (polymorpha  of  the  Sil. 
Syst.),  is  abnost  as  frequently  met  with,  and  forms  whole  strata  on  the 
coast  of  the  Dingle  promontory  in  Lreland.  All  the  three  species  range, 
indeed,  up  to  the  Devonian  period*,  and  are  widely  distributed  over  the 
Northern  hemisphere.  The  various  forms  of  the  Stenopora  (Favosites) 
fibrosa  are  not  lesp  common ;  but  this  latter  fossil  does  not  appear  to  be 
so  abundant  in  the  Upper  as  in  the  Lower  Silurian,  nor  to  assume  so 
many  variations  in  form.  It  is  globular,  lobed,  or  branched ;  and  on  the 
slabs  of  limestone  at  Dudley  there  very  commonly  occurs  a  narrow 
branched  variety,  with  numerous  small  pores  intermixed  with  larger 
ones.  This  form  is  very  curious,  and  is  figured  in  my  larger  work  (Sil. 
Syst.  pi.  16  bis,  f.  9)t  as  a  variety  of  Favosites  spongites,  Ooldf.  Pro- 
fessor Milne-Edwards  believes  it  to  be  of  a  different  genus,  and  has 
named  it  ChsBtetes  Fletcheri,  in  honour  of  a  gentleman  who  has  long 
been  a  judicious  collector  of  the  Dudley  fossils. 

The  species  called  Favosites  oculatus  (see  Chap.  6.  Foss.  17.  f.  6)  is 
very  abundant  in  the  Wenlock  limestone.  But  it  may  be  doubted  if  it 
belongs  to  the  genus :  it  is  named  Alveolites  repens  in  the  work  of 
MDne-Edwards  and  Haime. 

Next  in  importance  to  the  Favosites  are  the  large  species  of  the  genus 
Heliolites.  Of  these,  the  most  common,  H.  interstinctus,  Foss.  18.  f.  8, 
4,  5,  occurs  either  in  globular  and  pear-shaped  masses,  or  of  a  flat  dis- 
coid form,  or  as  a  thin  incrusting  expansion  over  other  corals  and  shells. 

Alveolites  Labechii,  M.-Edw.,  a  coral  two  or  three  inches  broad,  which 
looks  like  a  small-celled  Favosites,  and  was  named  F.  spongites  in  my  old 
work,  is  very  characteristic.  It  is  known  by  the  oblique  or  compressed 
mouths  of  the  cells,  Foss.  17.  f.  5. 

*  It  is  light  to  state  that  M.  Milne-  'Silurian  System,'  and  the  faithful  and 

Edwards  distinguishes  all  the  Devonian  able  descriptions  bv  Mr.  Lonsdale.  The 

from  the  Silurian  corals.  plates  of  corals  in  that  work,  being  Utho- 

t  For  a  further  acquaintance  with  graphs,  could  not  be  reproduced  here ; 

the  corals  of  the  Wenlock  and  Ludlow  but  the  woodcuta  will,  in  some  measure, 

roeks,  I  must  refer  the  retAer  to  the  help  to  supply  the  deficiency. 
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Coenites  jiuiiperinus,  Foas.  19.  f.  3,  may  be  easily  recognized  by  the 
CTirions  linear  mouths  of  the  cells :  this  species  abounds  in  the  Wool- 
hope  limestone  of  Presteign,  and,  with  C.  intertextus  (Limaria  fruticosa, 
Sil.  Syst.),  may  be  found  on  almost  every  fragment  of  Wenlock  lime- 
stone: occasionally,  a  fine  large  species,  C.  labrosus,  Milne-Edwards, 
occurs  at  Dudley. 

There  are  several  kinds  of  tube-corals,  such  as  the  Halysites  or  chain- 
coral,  and  certain  species  of  Syringopora,  which  are  abundant.  The  latter 
genus  is  no  less  curious  in  its  growth  than  in  its  structure.  When 
quite  young,  its  divaricating  trumpet-shaped  tubes  creep  over  the  sur- 
face of  the  large  corals  and  shells ;  and  in  that  state  it  was  figured  in  the 
'Silurian  System*  as  Aulopora  serpens*  (see  Foss.  19.  f.  2).  It  next 
begins  to  grow  upwards,  and  each  open  mouth  of  the  tubes  lengthens 
and  becomes  a  flexuous  stem,  occasionally  throwing  out  a  lateral  buttress 
in  concert  with  its  neighbour.  These  buttresses  or  buds  are  hollow,  and 
where  they  touch  each  other  they  coalesce,  forming  a  connecting  tube ; 
and  the  mass,  increasing  in  size  upwards,  becomes  a  Syringopora ;  the 

Fossils  (52).    Corals  ov  thb  Uppbb  Silubiait  Boceb. 


1.  Theda  Swindernana,  Goldf.  ^Poritee  expatiata,  SiL  Sjst.).  2.  A  section  mag- 
nified. 8.  Palftooyclas  porpita,  Linn.  (Cydolitee  kaiticulata,  SiL  Sjst.),  and  a  mag- 
nifi^ed  portion.  4.  Under  side  of  the  same.  6.  PtychophyUum  patellatum,  Schlotn. 
(Strombodes  plicatum,  SiL  Syst.).  6.  ArachnophjUum  typos,  M'Cojj  and  a  few  of 
its  lamellie  magnified.  7.  Petraia  bina,  Lonsdale,  the  interior  cast,  and  a  portion  mag- 
nified.   8.  End  view  of  the  same. 

tubes  often  branching,  and  uniting  with  those  nearest  them,  until  the 
coral  attains  its  full  size.  Syringopora  fascicularis,  Linn.  (S.  £lliformis?, 
Sil.  Syst.),  and  S.  bifurcata,  of  which  Foss.  19.  f.  4,  is  the  lower  branched 
portion,  and  f.  5  the  ascending  stems,  are  common  kinds.    Aulopora  ser- 

*  Mibie-Edwardfl  and  Haime  have  shown  these-to  be  the  young  of  Syringopora. 
Prof.  E.  Forbes  had  been  of  the  same  opinion  for  some  yean,  but  had  not  pub- 
lished it.— J.  W.  S. 
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pens,  A.  tubffifonnis,  and  A.  conglomerata  of  the  SiL  Syst.  are  the  young 
or  baaal  portion  of  one  or  other  of  these  species.  There  are  one  or  two 
rarer  forms,; — Thecia  Swindemana,  Foss.  52.  f.  1,  and  Labechia  (Monti- 
culana)  conferta  (Sil.  Syst.), — not  so  obviously  belonging  to  the  group 
we  have  just  noticed,  viz.  the  Zoantharia  tabulata  of  the  French  authors. 

The  Palseocyclus  of  Milne-Edwards  is  considered  by  that  naturalist 
to  belong  to  the  family  FungidsB,  which  includes  the  modem  mushroom- 
corals,  and  it  is  the  only  Silurian,  or,  indeed,  paleozoic  coral  of  the 
group  Aporosa — ^that  group  which  is  the  most  prevalent  in  modem  seas. 
Pal£M)cyclus  porpita,  Linn.  (Cyclolites  lenticulata,  Sil.  Syst.),  is  the  one 
figured,  Foss.  52.  f.  3,  4 ;  and  there  are  other  species,  P.  prseacutus, 
Lonsdale,  and  P.  rugosus,  M.-Edw.,  at  Dudley. 

All  the  cupHshaped  corals  of  the  paleozoic  series,  of  which  about  fifty 
species  occur  in  Silurian  rocks,  belong  to  the  section  Zoantharia  rugosa ; 
distinguished  in  general,  like  the  other  great  group  (Z.  tabulata),  by  the 
development  of  the  transverse  plates  or  tabulsB  in  the  body  of  the  coral 
(see  the  following  woodcut),  and  including  both  simple  cup-like  forms, 

Fossils  (58).    Cup-ooiialb  ov  thb  Wbklook  LmsTOirs. 


1.  Cyftihophylliim  articulatam,  WahL  (cflBtpitoflum,  SiL  Sjst)  2.  C.  tmnoatum, 
Linn.  (Ojatnoph.  dianthns,  SiL  Srvt.) ;  and  a  single  cap,  with  its  marginal  disk-buds 
attached.  8.  Btrephodea  Termionloides,  M'Coy.  4.  Omphyma  (C^athoph.)  tnrbinata, 
linn.,  and  a  view  of  the  cap  with  its  four  basal  pits.  6.  A  longitudinal  section.  6. 
Aoeryularia  ananas,  linn.,  and  a  cup,  natural  size,  with  four  young  buds.  7.  Oysti- 
phyllum  Siloriense,  Lonsdale.    8.  C.  oylindricum,  Lonsdale. 

such  as  Omphyma  (Cyathophyllum)  turbinata,  Foss.  53.  f.  4,  Cysti- 
phyllum  Siluriense,  f.  7,  Petraia  bina,  Foss.  52.  f.  7,  8 — and  branched 
or  composite  ones,  Cyathophyllum  articulatum  (csBspitosum),  Foss.  58. 
f.  1,  and  C.  truncatum,  f.  2.  When  such  compound  corals  have  grown 
closely  together,  so  that  the  separate  corallites  or  cups  press  one  another 
into  an  angular  form,  masses  are  produced,  such  as  Acervularia  ananas, 

r2 
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f.  6,  and  ArachnophyUum  typus,  Foss.  62.  f.  6.  The  latter  is  now  called 
Strombodes  Murchisoni  by  Milne-Edwards  and  Haime. 

Among  these  common  species,  two  are  remarkable  for  the  mode  of 
propagation  of  their  buds  or  young  corallites. 

In  Cyathophyllum  truncatum,  Linn.  (C.  dianthus,  Sil.  Syst.),  just 
quoted,  the  young  buds  take  their  origin  all  round  the  inner  edge  of 
the  parent  polype-cup  (Fobs.  53.  f.  2),  and  the  eight  or  ten  young  corals 
thus  produced  quite  overtop,  and  at  length  cover  over,  the  parent;  until, 
in  their  turn,  they  too  produce  their  young  clusters ;  and  this  process  is 
frequently  repeated  in  the  upward  growth  of  the  coral.  (See  the  larger 
figure.) 

Another  species,  so  like  the  former  that  in  some  conditions  it  might 
easily  be  mistaken  for  it,  is  Acervularia  ananas  (A.  luxurians,  Eichwald), 
described  by  Fougt*  and  LinnsBus  from  rocks  in  Gothland  which  are 
now  known  to  be  Upper  Silurian.  A  single  cup  is  represented  (Foss. 
53.  f.  6),  which  has  given  birth,  by  fissiparous  division,  to  four  young 
corallites,  which  take  their  rise,  not  from  the  margin,  but  fr^m  the 
centre  of  the  old  coral ;  the  life  of  the  parent  being  thus  continued  in 
the  offspring.  (See  Lonsdale  in  Sil.  Syst.  pi.  16.  f.  6.)  Ab  a  number  of 
these  buds  grow  up  together,  they  stunt  each  other's  growth  in  a  lateral 
direction,  and  as  the  process  of  multiplication  is  often  repeated,  the  corals 
by  mutual  pressure  are  forced  into  an  angular  form  like  the  cells  of  a 
honeycomb ;  their  edges  grow  together,  and  the  result  is  a  compound 
mass  of  starst-  (See  the  right-hand  figure.) 

There  are  several  other  cup-shaped  corals  which  are  fr^uent  in  the 
Upper  division,  and  especially  in  the  Wenlock  limestone ;  but  they  are 
not  so  characteristic  as  those  just  mentioned.  Omphyma  ?  (Caninia) 
lata,  M*Coy,  O.  Murchisoni,  Milne-Edw.,  Cystiphyllum  cylindricum, 
Lonsdale,  C.  Grayi,  Milne-Edw.,  and  G.  brevilamellatum,  M'Coy; 
Cyathophyllum  angustum,  Sil.  Syst.  pi.  16.  f.  9,  Strephodes  trochifor- 
mis,  M'Goy,  S.  vermiculoides,  Foss.  53.  f.  3,  ArachnophyUum  diffluens 
(Strombodes,  Milne-Edw.),  Ptychophyllum  patellatum,  Foss.  62.  f.  5 
(a  remarkable  species,  in  which  the  elevation  of  the  centre  of  the  cup 
is  so  great,  as  to  give  the  coral  a  reversed  appearance,  the  base  being 
iiearly  flat),  Clisiophyllum  vortex,  M*Coy,  and  Goniophyllum  Fletcheri, 
M.-Edw.,  a  four-sided  coral,  very  like  one  found  in  the  Isle  of  Gothland, 
Sweden.  Some  cup-corals  also  are  common  to  Gothland  and  Britain, 
such  as  Aulacophyllum  mitratum,  Hising.,  and  Cyathophyllum  Lov^ni, 
M.-Edw.,  besides  the  two  species  of  the  latter  genus  before  mentioned  ^ ; 
and  there  are  some  which  extend  their  range  to  America. 

*    Amcenitates   Academicie,  vol.    i.  studied,  and  well  illustrated  by  Dana, 

p.  196,  &c.  Milne-Edwards,  and  other  naturalists. 

t  The  growth  and  reproduction  of        {  So  many  of  the  Wenlock  corals 

corals  has  of  late  years  been  much  are  found  in  the  limestone  of  Gothland 
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The  Ludlow  rocks,  being  for  the  most  part  mudstones,  do  not  often 
contain  many  corals ;  but  in  their  calcareous  portions,  one  or  other  of 
the  species  above  described  occur.  Prof.  M'Coy  has  lately  added  Cyath- 
axonia  Siluriensis  to  the  scanty  Ludlow  list ;  it  is  from  Kendal.  Steno- 
pora  fibrosa,  indeed,  is  very  common  in  the  form  of  an  incrusting  enve- 
lope upon  spiral  shells,  Turbo  and  Murchisonia  (see  p.  147,  andFoss.  17. 
f.  8).  It  was  figured  in  the  *  Sil.  Syst.'  as  a  species  of  Alveolites.  The 
Stenopora  fibrosa,  with  Pavosites  alveolaris,  and  some  few  others,  ^eem  to 
have  been  indifierent  to  the  nature  of  the  sediment  they  lived  upon,  for 
they  are  found  throughout  the  system.  The  little  Palasocyclus  appears 
to  have  lived  indifierently  on  a  calcareous,  muddy,  or  gravelly  bed.  The 
Petraia  bina  seems  to  have  preferred  a  muddy  base,  but  most  species  of 
this  genus  are  chiefly  found  in  sandstones. 

Of  CystidesB  the  forms  are  rare,  but  remarkable  and  characteristic ; 
the  species  in  the  Upper  Silurian  being  all  furnished  with  what  Edward 
Porbes  called  'pectinated  rhombs.'  The  fine  species  figured  in  Foss.  54. 
f.  1,  has  three  of  these  curious  markings,  the  usual  number  possessed  by 
British  Upper  Silurian  forms,  while  they  are  often  much  more  numerous 
in  those  few  Lower  Silurian  genera  which  have  them  at  all.  The  nature 
of  these  rhombs  is  not  yet  fuUy  understood.  The  following  species  of 
CystidesB  have  been  observed  at  Dudley,  and  are  to  be  seen  in  the  rich 
collections  of  Mr.  Gray  and  Mr.  Fletcher  of  that  place : — Pseudocrinites 
magnificus,  f.  1;  P.  quadrifasciatus,  f.  2 ;  P.  bifasciatus,  and  P.  oblongus, 
Forbes*;  Apiocystites  pentremitoides,  f.  4;  Prunocystites  Fletcheri, 
f.  3 ;  Echino-encrinites  baccatus,  f.  5,  and  E.  armatus,  f.  6.  Under  the 
upper  right-hand  figure,  one  of  the  curious  5-  or  G-valved  ovarian  open- 

Fossils  (54).    Ctbtidsjb  ov  ths  Weklook  LimsTOKB. 


I.  PMndocrinites  magniilcus, 
Forbes.  %.  P.  quadrifucimtus, 
PCMve.  S.  Pranoqrttitea  Flet- 
dieii,  Forbes.  4.  ApiocystiteB 
pentremitoides,  FotImbs. 


5.  Echino-enerinites  baoeft- 
tUB,  Forbes.  6.  £.  annatas, 
Forbes,  mth  its  orarian  pynu 
mid,  and  rhombs. 


ings  is  shown,  and  a  pair  of  pectinated  rhombs :  these  last  always  occur 
opposite  each  other  on  neighbouring  plates. 

The  genus  Echino-encrinites,  but,  of  course,  with  difierent  species,  is 
found  in  the  Lower  Silurian  rocks  of  Eussia.     In  North  America,  the 

in  Sweden,  that  the  stratum  might  have 
been  identified  by  them  alone — Helio- 
lites  interstinctus,  Favosites  alveolaris, 
F.  Gothlandicus,  and  F.  cristatus ;  Cce- 
nites  juniperinus,  Haly sites  catenula- 
rius,    Syringopora   fascicularis,    Favo- 


sites ociilatus  ?  (Alveolites  rcpens),  Om- 
phyma  turbinata,  Ptychophyllum  patel- 
latum,  Acervularia  ananas,  &c.  lliese 
species  are  well  figured  by  Hisineer. 

*  Memoirs  Ge<M.  Survey,  vol.  u.  pi.  2. 
pp.  4%  et  seq. 
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representative  of  the  Wenlock  limestone  (the  '  Niagara  group '  of  New 
York)  contains  some  characteristic  Cystiden  of  similar  forms. 

The  curious  fossil,  Ischadites  KoBuigi,  PL  12.  f.  4,  maj  also  possibly 
belong  to  this  group  of  animals. 

Passing  on  to  the  great  group  of  Crinoid  animals,  which  are  numerous 
but  rarely  perfect  in  our  lower  division,  we  find  the  Fpper  Silurian  very 
rich  in  forms  of  this  class.  Many  of  these  are  yet  undescribed,  and  we 
can  onl^,  at  present,  refer  to  those  figured  in  our  Plates  18-15,  and  to 
a  few  other  species  that  have  been  published  in  the  works  of  Austin, 
D'Orbigny*,  &c. 

By  far  the  commonest  fossil  of  this  class  is  the  Periechocrinus  monili- 
formis (Actinocrinus,  Sil.  Syst.),  PI.  13.  f.  1,  2,  the  long,  bead-like  stems 
of  which  cover  the  slabs  of  Dudley  limestone,  and  sometimes  attain  five 
feet  in  length.  This  and  the  following  species  have  the  arms  composed 
of  a  double  row  of  plates  set  side  by  side : — Dimerocrinites  decadactylua, 
PL  18.  f.  5  ;  D.  icosidactylus,  f.  4,  a  common  fossil ;  three  species  of  the 
singular  genus  Eucalyptocrinites,  Qoldfuas  (Hypanthocrinus,  Sil.  Syst.), 
found  in  the  Dudley  limestone,  viz.  E.  decoruB,  PL  14.  f.  2 ;  E.  polydac- 
tylus,  M'Coy,  a  very  large  species ;  and  the  rare  E,  granulosus,  Lewis, 
as  yet  detected  only  at  Walsall  in  Staffordshire ;  and  lastly,  the  Mar- 
supiocnnites  cslatus,  PL  14.  f.  1.  A  reduced  copy  of  a  perfect  specimen 
of  this  fossil  is  given.  Fobs.  55.  f.  1;  and  at  f.  3  the  same  species  is  drawn 
without  the  arms,  but  showing  the  long  proboscis  inserted  into  the 
shell  of  a  moUusk — Acroculia  Haliotis.  This  shell  is  better  figured  in 
PI.  24.  f.  9. 

From  the  very  frequent  occurrence  of  the  same  shell,  tightly  em* 
braced  by  the  arms  of  this  crinoid,  and  from  the  fact  that  the  mouth  of 
the  shell  is  always  turned  downwards  over  the  proboscis,  it  is  inferred, 
that  it  was  the  habitual  food  of  the  encrinite.  This  has  been  long 
observed  by  Mr.  John  Gray  of  Dudley,  who  has  dissected  many  speci- 
mens from  the  stone,  and  they  are  to  be  seen  in  his  collection.  It  has 
also  received  confirmation  from  the  American  naturalists,  Yandell  and 
Shumard,  who  observed  the  same  habit  in  several  of  the  Silurian  cri- 
noids  of  America. 

Of  those  species  which  have  only  a  single  row  of  joints  in  each  arm, 
Cyathocrinus  tuberculatus  is  the  most  common.  It  occurs  of  all  sizes, 
from  the  minute  specimen  represented,  PL  14.  f.  6,  to  much  larger  forms 
than  f.  6.  Cyathocrinus  tesseracontadactylus  (C.  simplex,  Sil.  Syst.), 
f.  4,  and  C.  Orbignyi,  M*Coy,  are  rarer  forms ;  the  former  being  found 
also  in  Gothland.  C.  goniodactylus,  f.  3,  C.  arthriticus,  f.  7,  and  C. 
capillaris,  PL  15.  f.  3,  are  common  Dudley  fossils.  Ichthyocrinus  pyri- 
formis  often  grows  larger  than  it  is  represented  in  PL  14.  f.  8 ;  and  this 

*  Austin,  Monograph  of  the  Crinoidea,  1844;  D'Orbigny,  Prodr.  de  PnlcontoL 
Universelle,  1849,  p.  45,  &c. 
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species  extends  its  range  to  North  America.  Flatycrinus*  (Actino- 
crinusP)  retiarius,  PI.  14.  f.  9,  when  perfect,  has  a  long  stem  with 
many  auxiliary  arms.  Fine  specimens  are  in  the  Museum  of  Practical 
Geology. 

Enallocrinus  punctatus,  Hisinger,  which  occurs  hoth  in  England  and 
Swedenf,  is  frequently  found  on  Wenlock  Edge. 

Glyptocrinus  ?  expansus  (Actinocrinus,  Sil.  Syst,),  PL  15.  f.  1,  is 
perhaps  one  of  the  most  stately  species,  conspicuous  for  the  size  to 
which  it  grows,  and  for  the  numerous  plates  of  which  its  cup  is  com- 
posed. 

Lastly  may  be  noted  a  very  common  Wenlock  fossil,  Crotalocrinus 
rugosuB,  Foss.  55.  f.  4-7,  whose  structure  is,  perhaps,  more  remarkable 
than  that  of  any  other  Siliuian  crinoid. 

Fossils  (65).    CsnroipXA  ov  thi  Wbklooe  Likxstokb. 


1.  Manupiocrinites  ceelatus.  2.  Magnified  base  of  the  amis.  8.  Proboscis  of  the  same 
inserted  in  the  shell  of  Acrocnlia  Haliotis.  4.  Beduoed  figure  of  Crotalocrinus  rugosus ; 
the  bag-like  duster  of  arms  surmounting  the  small,  round  'pelyis.'  5.  The  latter,  of  the 
natunJ  size,  with  the  stomach  plates  stripped  off,  and  showing  the  base  of  the  many- 
fingered  arms.  6.  The  fiat  stomachal  sur&oe,  showing  also  the  branching  of  the  arms 
from  their  bases.  7.  A  part  of  the  reticulate  congeries  of  fingers,  each  joint  being  an- 
chjlosed  to  its  neighbour  on  either  side. — [J.  W.  S.] 

In  most  Encrinites  the  arms  issue  immediately  from  the  edge  of  the 
pelvic^  cup,  commencing  with  a  single  joint,  and  soon  branching  into 


*  Prof,  de  Koninck,  in  a  recent  sur- 
yey  of  the  British  Silurian  Crinoidea  at 
Dudley,  has  decided  that  there  are  seve* 
ral  carDoniferous  genera  among  them. 

t  See  Hisinger,  Lethsea  Suecica, 
pi.  26.  f.  2. 


X  A  better  nomenclature  than  that  of 
Miller's — basal  plates,  radial  and  inter- 
radial  plates,  &e. — is  now  adopted.  See 
Prof.  M'Coy  in  Pal.  Foss.  Woodw.Mus. ; 
De  Koninck  et  Le  Hon,  in  '  Les  Cri- 
noi'des  Terr.  Carb.  Belgique,'  1854. 
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two,  three,  or  four ;  the  subdivision  varying  in  different  species.  Bat  in 
this  wonderful  encrinite,  the  upper  edge  of  the  pelvis  is  seen  to  be  sur- 
mounted by  at  least  twenty  or  twenty-five  arm-joints,  instead  of  the  usual 
five;  and  when  the  specimens  have  lost  all  but  the  pelvis  and  these  lower 
joints,  the  latter  are  seen  (Eoss.  55.  f.  6)  to  have  each  a  perforation  in 
their  middle,  as  in  the  arm-joints  of  all  other  crinoids.  These  multi- 
tuc^nous  arms  soon  divide,  and  subdivide  again  and  again,  the  several 
branches  \ying  close,  side  by  side,  and  leaving  scarcely  any  free  space 
between  them. 

Bach  joint  gives  off  from  either  side  a  small  lateral  process,  f.  7,  which 
unites  with  that  of  its  next  neighbour,  and  this  is  continued  through  the 
whole  extent,  so  that  the  several  joints  of  the  contiguous  rays  are  all 
securely  fixed  to  each  other.  Instead,  therefore,  of  a  star  of  free  and 
waving  arms,  a  deep,  wide  frmnel  is  formed,  like  a  wicker  basket ;  or 
rather  (as  the  joints  are  all  of  equal  length,  and  the  lateral  processes  range 
in  continuous  transverse  lines),  the  texture  is  like  that  of  a  piece  of  the 
coarsest  woven  serge  or  canvas,  f.  4  a.  This  curious  funnel  of  anchylosed 
arm-joints,  therefore,  was  either  flexible,  or  grew  in  a  lobed  and  puckered 
form*.  But  although,  as  before  said,  the  numerous  arms  seem  to  start 
at  once  from  the  pelvis,  their  real  origin  is  on  the  ventral  surface  frirther 
inward — see  f.  6 — ^where  they  commence  with  single  joints,  as  in  other 
crinoids,  and  are  clothed  with  short  tentacles  to  their  very  base.  This 
surface  is  but  rarely  visible,  the  usual  appearance  of  the  cup  being  that 
which  is  seen  in  f.  5,  and  in  H.  18.  f.  3,  which  figures  are  of  the  natu- 
ral size.  The  cup  consists  of  fifteen  plates.  The  stem,  f.  4  h,  was  long 
ago  figured  by  Parkinson  in  his  '  Organic  Bemainsf.'  It  is  made  up  of 
dose  joints,  each  with  a  row  of  tubercles,  which  are  perforated,  the  hole 
communicating  with  the  central  canal  of  the  stem.  Near  the  root,  these 
tubercles  lengthen  out  into  cylindrical  tubular  processes,  which  attach 
the  animal  to  shells  and  corals.  The  cabinets  of  my  friends,  Mr.  Flet- 
cher and  Mr.  Gray,  furnished  the  materials  to  Mr.  Salter  for  the  illus- 
tration and  description  of  this  remarkable  fossil. 

Asteriad®,  or  starfish,  are  by  no  means  rare  in  the  Upper  Silurian ; 
four  species,  which  are  here  figured,  having  been  long  ago  found  in  the 
Ludlow  rocks  of  Kendal.  The  most  common  is  t^alasterina  primsBva, 
Fobs.  56.  f.  1.  Palaaster  Buthveni,  f.  3,  and  Palasterina  hirudo,  f.  2,  are 
less  abundant.  The  rare  fossil,  Protaster  Sedgwicki,  f  4,  was  thought  by 
Prof.  Forbes  to  be  closely  related  to  certain  species  of  the  group  of  Eury- 
ales,  now  inhabiting  the  northern  seas ;  but  better  specimens  of  the  genus 

*  Since  the  first  edition  of  this  book  arms,  overlapping  each  other,  and  highly 

was  published,  we  have  seen  Muller's  convoluted,  but  not  forming  a  conti- 

beautiful  figures  of  a  very  similar  genus  nuous  funnel.  Ueber  die  Bau  der  Echi- 

(Anthoerinus  Lov^ni)  from  the  Isle  of  nodermen,  tab.  8,  Berlin,  1854. 

Gothland.   In  all  probability  there  were  t  *  Turban,  or  Shropshire  Encrinite,' 

in  our  species,  as  m  his,  Hve  reticulate  vol.  ii.  pi.  16.  f.  5.  p.  193. 
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sinoe  obtamed  (p.  141),  show  it  to  have  been  an  abnormal  form  of  the 
Ophiuridie,  &om  which  it  differs  in  having  a  double,  instead  of  only  a 
single  row  of  plates  above  and  below.  This  genus  Protaster,  which  first 
appears  in  the  Lower  Silurian  strata,  has  been  found  abundantly  in  the 
fine  grey  flagstone  of  the  Lower  Ludlow  rock.  In  Shropshire,  the  P. 
Miltoni,  nearly  a  foot  wide  from  tip  to  tip  of  the  rays,  and  a  small,  grace* 
ful  species,  P.  leptosoma,  have  been  discovered  within  the  last  year* ; 
together  with  four  or  five  species  of  Paheocoma,  a  starfish  which  greatly 
resembles  the  common  red  Bird's-foot  sea-star  (Palmipes  roseus)  of  our 
coasts.  One  species,  Palseoooma  pyrotechnica,  has  stiff  club-shaped 
spines  like  those  of  the  living  cushion-stars.  Lastly,  there  is  a  starfish 
in  the  Dudley  limestone,  named  Lepidaster  G^rayiif  by  Prof.  Forbes, 
more  crinoidal  in  its  aspect  than  any  existing  species. 

F08SIL8  (56).    Upfxb  SiLUBiAir  Staxfibhes. 


1.  Paluterina  pri-              ri?5B^    (I         \      (f^^l^          Ui^Af  ^  '"'*"  ****  Upper 

tamwu,  Forbes.       S.              M^jSSL      Li                H  ^^^^Jfc^^  Ludlow  roeka  in  Uie 

P.  hinido,  Forbes.  3.             Jf*        '^   ^L     4       1b               MTVlk.  neigbboorhood       of 

Palaeuter  RotbTeoi,  ^          i  A    ^Bh^^^SL           ^^  ^^  Kendal.    Fuvt  found 

Forbes.    4.  Protaster  (      •^g^A^^r'      SB^i^     .^^          ^\  ^J    Pwhmu   Sedg. 

Sedgwidd,  Foibes.  \     ^fi^        ffiaSfflSBL^  k-^tW      ^  ^'«^ 


I  have  thus  dwelt  particularly  on  a  few  of  the  radiate  animals,  because 
they  present  us  with  some  new  or  little-known  characteristics  of  the 
Silurian  rocks.  The  remaining  groups,  MoUusca,  Worms,  and  Crustacea, 
do  not  call  for  much  detail. 

Brachiopod  shells,  though  not  in  such  great  preponderance,  nor  so 
numerous  in  species,  as  in  the  Lower  Silurian  rocks,  are  yet  very  abun- 
dant. Pentameri  are  still  present,  but  mostly  distinct  from  the  Llan- 
dovery species.  But  whilst  the  Orthides  are  in  much  less  quantity  than 
in  the  inferior  zones,  the  Brhynchonellte  and  Spirifers  occur  very  fre- 
quently ;  and  of  Lingula  there  are  decidedly  fewer  kinds  than  in  the 
Lower  Silurian. 

Several  characteristic  Brachiopods  have  been  quoted  as  ranging  from 
the  Lower  to  the  Upper  Silurian,  such  as  Orthis  elegantula,  O.  biforata, 
and  O.  biloba ;  the  first  of  these  being  equally  abundant  in  both  divi- 
sions. Though  also  occurring  in  both,  Strophomena  depressa  and  S.  Pec- 
ten,  Leptsna  transversalis,  Atrypa  marginalis  and  A.  reticularis,  are  far 
more  abundant  in  the  Wenlock  than  in  any  of  the  lower  strata,  except 
in  the  Llandovery  rocks.     The  last-named  ranges  no  lower  than  the 

*  Sfdter  in  Ann.  &  Mag.  Nat.  Hist.  1857.  vol.  zx.  p.  330. 
t  Mem.  Geol.  Surv.  Decade  iii.  pi.  1 . 
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Llandovery  strata ;  and  the  same  may  be  said  of  Spirifer  trapezoidalisy 
Dalm.,  S.  plicatelluB  (radiatus,  Sil.  Syst.),  PL  21.  f.  2,  Betzia  cuneata,  and 
Ehynchonella  borealis ;  but  they  are  rarer  below  the  Wenlock  shale. 
These  species  have  a  wide  geographical  range.  In  Chapters  6  and  7, 
thirty  species  are  enumerated  from  the  Yarioua  strata  of  the  Upper 
Silurian  rocks,  among  which  Leptsna  transversalis,  Strophomena  eu- 
glypha,  Spirifer  elevatus,  S.  plicatellus,  and  Pentamenis  galeatus  are 
most  characteristic  of  the  Wenlock  strata ;  the  Bhynchonella  Wilsoni, 
B.  nucula,  B.  navicula,  Orthis  lunata,  and  Chonetes  lata,  chiefly  distin- 
guish the  Ludlow  rocks.  Yet  in  some  localities,  the  Bhynchonella  na- 
vicula  and  the  Chonetes  lata  are  preyaLent  in  the  Wenlock  strata — ^the 
former  near  Builth,  the  latter  on  the  W.  coast  of  Ireland. 

The  species  above  enumerated  are  drawn  in  Plates  20-22.  There  are, 
however,  several  others  which  must  be  noticed.  Among  the  rarer  Wen- 
lock  species  may  be  reckoned, — Discina  (or  Orbicula)  Morrisil,  and  D. 
Vemeuilii  of  Davidson,  D.  Forbesii  (Poss.  57.  f.  11),  and  Crania  impli- 
cata,  PI.  20.  f.  4.  These  are  species  of  genera  existing  at  the  present 
day.  Discina  rugata,  PI.  20.  f.  1,  2,  and  D.  striata,  f.  8,  are  common 
Ludlow  forms. 

Siphonotreta  Anglica,  Eoss.  57.  f.  10,  is  a  rare  fossil ;  the  genus  being 
characteristic  of  the  lowest  Silurian  rocks  in  Bussia.  Even  the  genus 
Obolus,  also  very  characteristic  of  the  same  Lower  Silurian  near  St. 

Fossixs  (67).    Uppes  Silubiak  Bbachiopoda. 


#    Hi    ^ 


1.  Bhvnchonella  nucula.  2.  B.  Lewisii,  Davidson.  8.  B.  Gravii,  Dayidaon.  4.  B. 
Capeweliii,  Davidson.  5.  B.  Bouchardi,  Day.  6.  B.  Banrandii,  Dav.  7, 8*.  Betsia  Sal- 
ten,  Day.  9.  Yar.  of  the  same  (B.  Baylii,  Day.).  10.  Siphonotreta  Anglioaj  Morris ;  a, 
portion  of  the  Bur£BU»,  with  the  annulated  spines,  magnified.  11.  Discina  Forbesii,  Day. 

Petersburg,  has,  through  the  acumen  of  Mr.  T.  Davidson,  been  recog- 
nized in  the  Wenlock  shale  of  Dudley  and  Walsall.  The  two  British 
species,  Obolus  transversus  and  O.  Davidsoni,  Salter,  are  both  larger 
species  than  those  of  Eussia*.    With  such  constantly  augmenting  data 

*  They  are  figured  and  described  as  Upoer  Silurian  fossils  in  Mr.  Davidson's 
Monograph  (Introd.  p.  136),  Palieontographical  Society,  for  1854. 
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for  connecting  them,  it  is  obyiously  impoBsible  to  divide  the  Silurian 
rocks  into  two  natund  systems. 

Spirifer  trapezoidalis,  Dahn.,  is  frequent  in  the  Woolhope  limestone 
and  Lower  Wenlock  shales.  S.  sulcatus,  EUsinger,  is  a  small  species 
common  on  Wenlock  slabs ;  Athyris  Circe,  Barr.,  a  Bohemian  fossil,  oc- 
curs with  the  common  A.  tumida  at  Walsall ;  Betzia  Salteri,  Foss.  57. 
f.  7,  and  its  varieties,  f.  8,  9 ;  Bhynchonella  Lewisii,  f.  2,  and  E.  Bou- 
chardi,  f.  5,  are  common  Wenlock  species ;  It.  Barrandii,  f.  6,  E.  Cape- 
wellii,  f.  4,  and  E.  Grajii,  f.  3  (a  strange  twisted  species),  are  rare  Dud- 
ley fossils.  E.  nucula,  f.  1,  is  the  commonest  of  all  the  Ehynchonelltt 
of  the  Upper  Ludlow  rock.  Lnperfect  specimens  of  it  are  figured  in 
n.  22.  f  1,  2. 

Three  Pentameri  only  were  formerly  described  from  the  Upper  divi- 
sion, viz.  P.  linguifer,  P.  galeatus,  and  P.  Knightii  (see  Pis.  21, 22).  To 
these  may  now  be  added  P.  liratus,  Foss.  14.  p.  100,  found  in  the  Wool- 
hope  limestone,  which  may  be  considered  as  strictly  a  transition  species, 
occurring  in  the  very  lowest  beds  of  this  division,  and  in  the  uppermost 
strata  of  the  Llandovery  formation,  at  May  Hill,  Gloucestershire,  at 
Presteign,  and  also  in  Pembrokeshire. 

Some  species  of  Orthis  have  been  already  quoted,  Chap.  6,  as  very 

Fossils  (58).    Uppbb  Silubiak  Brachiopoda. 


1.  Orthis  Boncfaardi,  DayidBon.  2.  O.  callignunma  (O.  Daridsoni,  de  Yern.).  3. 
Strophomena  Pecten,  Linn.  4.  S.  funioulata,  M'Coy.  6.  Interior  of  the  same.  6.  S. 
imbrex  (Pander  and  DayidBon).  7.  Interior  of  dorsal  yalye  of  the  same.  8.  S.  antiquata, 
full-grown  (half  natural  size). 

common  in  the  Wenlock  and  Dudley  limestone.    O.  Bouchard!,  Poss.  58. 
f.  1,  O.  Lewisii,  Davidson*,  and  O.  SBquivalvis,  Davidson,  are  rare  in  the 


*  Bull,  de  la  See.  G^ol.  de  France, 
2nd  series,  t.  v.  p.  309,  1848.  This 
memoir  contains  figures  of  all  the  Bri- 
tish Upper  Silurian  species  then  known, 
includme  a  great  manv  not  before 
described.    The  reader  of  it  will  find  a 


single  Productus  described  there.  As 
this  is  a  genus  never  found  below  the 
limits  of  the  Deyonian  strata,  it  is  well 
to  note  that  Mr.  Davidson  now  believes 
it  to  be  an  imperfect  Strophomena  de- 
pressa,  a  common  Silurian  species. 
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same  formation ;  and  bo  is  0*  calligramma,  adverted  to  at  p.  209,  if  tHe 
shell  here  figured,  Eoss.  58.  f.  2,  be  not  a  distinct  species  (O.  David- 
Boni),  as  De  Yemenil  and  M'Coy  suppose. 

Stropbomena  antiquata,  Fobs.  58.  f.  8,  grows  five  or  six  times  tbe  size 
of  tbe  figure  in  my  original  work  (see  PI.  20.  f.  18).  Stropbomena 
funiculata,  f.  4,  and  S.  imbrex,  f.  6, 7,  are  common  Wenlock  species.  S. 
corrugata,  Portlock,  is  a  beautiful  but  rare  Wenlock  shell,  which  has 
been  abeady  cited  in  the  Lower  division,  where  it  is  plentiful.  S.  Pecten, 
f.  3,  though  common  both  in  Lower  and  Upper  Silurian,  escaped  notice 
when  the  '  Silurian  System '  was  published.  S.  applanata,  Salter,  is 
a  small  species  resembling  the  last,  which  occurs  sparingly  in  both 
divisions. 

Lingula  Lewisii,  PI.  20.  f.  5,  is  one  of  the  commonest  species  of  the 
Middle  Ludlow  or  Aymestry  rock ;  and  L.  cornea,  PI.  84.  f.  2,  abounds 
in  the  Tilestone  of  the  Upper  Ludlow.  They  are  both  well-marked  spe- 
cies, and,  with  the  small  but  characteristic  L.  lata  of  the  Lower  Ludlow 
rock,  are  the  only  species  of  the  genus  yet  described  from  the  Upper 
Silurian  of  Britain.  There  is  another  long-oval  species  in  the  Wenlock 
shale  and  Woolhope  limestone,  now  well  known  in  cabinets  under  the 
name  of  L.  Symondsii,  and  so  called  after  my  esteemed  Mend  the  Bev. 
W.  Symonds,  of  Pendock,  Ledbury.  It  is  a  c-onunon  species  at  Malvern 
and  Buildwas  in  Shropshire. 

The  Lamellibranchiate  bivalves,  though  numerous  in  species,  have  not 
yet  been  fully  described.  They  consist  chiefly,  as  Prof.  Phillips  has 
pointed  out*,  of  one  or  two  families  closely  related,  and  which  are  re- 
presented by  the  living  forms,  Mytilus,  Area  or  Nucula,  and  Avicula. 
When  strictly  defined,  the  more  modem  genera  PuUastra,  Mya,  Cypri- 
cardia,  and  Cardiiun,  to  which  several  of  these  forms  were  referred  in 
the  original  Silurian  work,  are  found  not  to  have  existed  in  these  early 
geological  times. 

Forms  of  the  genus  Pterinea  (Avicula,  Sil.  Syst,)  abound.  P.  retro- 
flexa,  PL  23.  f.  17,  a  species  subject  to  great  variation,  has  already  (pp.  109, 
134i,  &c.)  been  quoted  from  various  strata.  P.  Sowerbjd,  f.  15  (Avic. 
reticulata,  Sil.  Syst.),  characterizes  the  Aymestry  limestone,  whilst  P. 
lineatula  (Avic.  lineata,  Sil.  Syst.),  f.  16,  is  very  frequent  near  Ludlow. 
Besides  these  common  species.  Prof.  M'Coy  has  enumerated  several 
others ;  viz.  P.  Boydii,  P.  demissa,  P.  pleuroptera,  and  P.  sub&lcata  of 
Conrad,  and  P.  tenuistriata.  Fobs.  59.  f.  5.  The  last  three  are,  it  is  be- 
lieved, also  found  in  Lower  Silurian  rocks  in  Wales  and  Westmoreland. 
Others  are  Upper  Silurian  forms  only ;  such  as  P.  hiana,  M^Coy,  an 
Ajrmestry  rock  fossil,  and  P.  asperula,  f.  4,  a  fossil  from  the  Wenlock 
shale  at  Builth.     A  common  Wenlock  species,  doubtfully  referable  to 


*  Mem.  Geol.  Surv.  vol.  ii.  pt.  1.  p.  264. 
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this  genus,  is  the  P.  planulata,  Conrad,  Fobs.  59.  f.  6.  Many  species, 
however,  of  this  age,  particularly  those  from  Pembrokeshire  and  Ireland, 
are,  as  yet,  imperfectly  known.  The  district  of  the  Dingle,  in  Ireland, 
for  example,  is  rich  in  fossils  of  this  group.  Of  these,  P.  orbicularis, 
M'Coy,  is  one  of  the  largest  and  most  plentiful.  P.  posidoniiformis  and 
P.  fimbriata  are  described  by  the  same  author ;  and  there  are  other  spe- 
cies, with  several  fine  varieties  of  the  common  P.  retroflexa,  in  that  pro- 
lific locality. 

Fossils  (59).    Uppbb  Silcsian  Lamellibbancuiata. 


1.  Plenroriiyndiiu 
Kquieoatatns,  PhOl. 
f ,  3.  Ancttla  Dmnbji, 
M'Coj.    4. 


upernla,  M*Coy.  6. 
Pter.  tenuistrute. 
If <C.  6.  Pter.?  pla- 
nulata,  Connd. 


Other  large  species,  more  resembling  Avicula,  or  Aviculopecten,  such 
as  A.  Danbyi,  Fobs.  59.  f.  2,  3,  and  A.  ampliata,  Phillips,  occur  in  the 
Upper  Ludlow  rock;  whilst  Avicula mira,  Barrande,  a  beautifully  reticu- 
lated species,  which  is  common  at  Dudley,  is  identical  with  one  from  the 
Upper  Silurian  of  Bohemia. 

Next  in  importance  are  the  mytiloid  sheUs,  or  Modiolopsis,  as  the 
genus  is  now  called*,  which  contains  several  species.  Thus,  M.com- 
planata,  PI.  28.  f.  1,  is  an  Upper  Ludlow  fossil ;  M.  Nilssoni,  Foss.  60. 
f.  8,  is  both  a  "Wenlock  and  Ludlow  species  ;  and  M.  platyphyllus,  f.  7, 
is  characteristic  of  the  uppermost  Ludlow  beds,  where  it  occiufl  with 
some  other  forms,  now  referred  by  Prof.  M*Coy  to  his  new  genus  Ano- 
dontopsis.  To  this  group,  which  contains  the  more  circular  species  of 
the  genus,  belong  M.  quadratus  and  M.  ovalis,  Salter,  M.  angustifrons, 
M'Coy,  M.  kevis,  and  M.  (Anodontopsis)  bulla,  Foss.  60.  f.  5.  They  are 
all  species  of  the  Ludlow  rock.  Mytilus  exasperatus,  Phillips,  and  Mo- 
diola  antiqua,  PI.  23.  f.  14,  are  Wenlock  shale  fossils ;  the  latter  being 
common.  Mytilus  mytilimeris,  Foss.  60.  f.  6,  is  also  plentiful  in  Wen- 
lock  shale.  Ghoniophora  cymbseformis,  PL  23.  f.  2,  seems  nearly  allied  to 
Mytilus,  and  is  one  of  the  most  abundant  Upper  Ludlow  shells.  Certain 
forms,  less  evidently  related  to  this  family,  have  been  termed  Orthonota 
by  some  authors,  and  Sanguinolites  by  others.     They  are  thin  sheUs, 

*  There  does  not  appear,  hon^ever,  to  be  any  decided  character  to  separate 
these  shells  firom  the  Modiolse  of  our  own  day. — J.  W.  S. 
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without  hinge-teeth,  and  outwardly  much  resemble  Mya,  Panopsea,  &c., 
to  which  they  are  not  at  all  allied  in  reality.  Orthonota  senuBulcata 
(Modiola,  Sil.  Syst.)  is  one  example  from  the  Ludlow  rocks,  not  figured 
in  this  work ;  and  a  new  species,  O.  prora  (Foss.  60.  f.  4),  is  one  of  the 
most  frequent  fossils  in  the  Tilestones  of  Westmoreland.  Other  species 
referred  to  this  genus  in  the  publications  of  the  Geological  Survey*  differ 

Fossils  (60).    Uppeb  Silttsiait  LAXXLUBaAjroHiAiA. 


1.  Gnnun jrim  dngu-  ^^^^^^ffjR^        MM     itf^^HHH^  If 'Coy).      6.   Aaodon- 

Ute,  Hifling.    S.  G.tri-  f<       JIM'         ^^9     ^^^ra^B  top«> buDa,  M'Coy.    6. 

ukgulata,   Salter.       S.  T  j    JM^  ^         ^^m       ^^^^sSr  If ytilus       mytilimeris, 

Ortlumota     angalifera,  \y  i|m\\.        _  -^^V         ^  Conrtd.   7*  Modiolopda 

If 'Coy.     4.    O.  prora,  IIJov^^^^^ — "^^m     //ffl^^     ^^A  platyphyUiia,  Salter.   8. 

r  (O.  Mmuulcata,  ^NC^~^^F     ruiL  -=^^^»  ^-  Nilaioni,  Hiamger. 


still  more  widely  in  outward  appearance  from  the  Modiola,  to  which  they 
are  nevertheless  believed  to  be  related.  They  are  abundant  in  the  Lud- 
low rocks,  especially  O.  amygdalina,  PI.  23.  f.  6,  and  its  variety,  O.  retusa^ 
f.  7.  This  species  often  covers  the  surfaces  of  the  uppermost  stratum  of 
the  Upper  Ludlow  rock,  to  the  exclusion  of  all  other  fossils,  and  vri.th  it, 
more  rarely,  occur  O.  impressa,  PI.  23.  f.  3,  and  O.  undata,  f.  4.  Ortho- 
nota rotundata  (Mya,  Sil.  Syst.),  f.  5,  is  characteristic  of  the  Aymestry 
limestone ;  but  O.  solenoides,  f.  9,  and  O.  rigida,  f.  8,  are  more  common 
in  the  Lower  Ludlow.  O.  angulifera,  M'Coy,  Foss.  60.  f.  3,  is  an  orna- 
mented species,  rare  in  the  Ludlow  rocks  of  Westmoreland,  and  looking 
like  the  Gtoniomya  V-scripta  of  the  oolite  rocks. 

Grammysia,  De  Vemeuil,  is  a  genus  resembling  the  shells  last  men- 
tioned, but  easily  recognized  by  its  deep  furrows  on  the  valves.  G-.  tri- 
angulata,  Foss.  60.  f.  2,  is  a  typical  Tilestone  fossil,  and  G-.  cingulata,  f  1, 
as  well  as  G-.  extrasulcata,  Salter,  are  found  with  it,  both  in  S.  Wales 
and  Westmoreland.  The  last-named  is  equally  common  in  other  Upper 
Silurian  strata  (Wenlock),  at  Dudley,  Usk,  and  near  Llandeilo,  and  is  also 
found  in  Gothland,  Sweden,  and  Norway.  It  appears  to  have  flourished 
best  on  sandy  ground ;  a  condition  apparently  most  favourable  to  the 
Lamellibranchiata  in  general. 

Cardiola  interrupta,  PI.  23.  f.  12,  is  one  of  the  most  abundant  bivalves 
in  the  Wenlock  and  Ludlow  shales  (see  p.  141).    On  the  Continent  it  is 

*  Memoirs,  vol.  ii.  pt.  I.  p.  360. 
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al0O  found  in  Upper  Silurian  strata,  but  does  not  extend  its  range  upward 
into  the  Devonian  rocks.  Cardiola  fibrosa,  f.  11,  is  a  Lower  Ludlow 
fossil,  and  C.  striata  (Cardium  striatum,  Sil.  Syst.),  f.  13,  is  also  to  be 
referred  to  tbe  same  genus.  The  shells  of  the  genera  Nucula  and  Area, 
in  which  the  hinge-line  is  beset  with  close-ranged  teeth,  are  very  nu- 
merous in  individuals,  though  of  few  species,  in  the  Upper  Silurian. 
Some  of  them  may  be  true  Nuculse,  or  even  belong  to  the  genus  Leda, 
Forbes ;  others  will  fall  (see  p.  213)  into  the  genus  Ctenodonta*,  pro- 
posed in  1851  for  those  paleozoic  Nucul®  with  an  external  ligament. 
Nucula  Anglica,  PI.  23.  f  10;  N.  (Area)  primitiva,  Phillips ;  N.  Ed- 
mondiffiformis,  M'Coy,  and  N.  (or  Ctenodonta)  subasqualis,  M'Coy, 
Fl.  10.  £  7,  are  Upper  Ludlow  shells,  though  most  of  them  had  an  earlier 
origin,  whilst  Nucula  sulcata,  Hisinger  (Mem.  Gbol.  Surv.  vol.  ii.),  ranges 
throughout  the  Upper  Silurian.  The  genus  Cucullella,  distinguished  by 
a  strong  internal  ridge,  contains  several  Ludlow  species.  C.  antiqua, 
Fl.  34.  f.  16,  C.  Cawdori,  f.  3,  and  especially  C.  ovata,  f.  17,  are  common 
shells  in  the  uppermost  Ludlow  (THestones,  Sil.  Syst.).  C.  coarctata, 
Phillips,  is  found  in  great  plenty  in  the  Ludlow  rocks  of  Pembroke- 
shire, and  occurs  also  in  the  Wenlock  shale.  The  genus  Cleidophorus, 
which  has  no  teeth  in  the  hinge,  is  otherwise  much  like  Cucullella.  C. 
planulatus,  Conrad,  is  found,  according  to  M'Coy,  in  Wenlock  shale. 

Lyrodesma  (Actinodonta)  cuneata,  Fhill.,  seems  to  connect  these 
Area-like  shells  with  the  Mytilidie  or  Mussel  fiunily.  This  species  is 
found  by  hundreds  in  the  shales  of  Marloes  Bay — ^not,  however,  in  the 
Upper  Silurian,  as  formerly  supposed,  '  Memoirs  of  the  G^ol.  Survey,' 
vol.  ii.,  but  in  the  Llandovery  rocks  (see  p.  203). 

Lastly,  as  a  representative  of  the  CardiacesB,  we  have  one  small 
species  of  Pleurorhynchus ;  a  genus  which,  as  we  have  before  seen, 
p.  214,  commenced  existence  in  the  lower  division.  P.  SBquicostatus, 
Foss.  69.  f.  1,  is  a  miniature  example  of  it,  found  at  Wenlock  and  Wool- 
hope.  In  North  America,  larger  species  of  this  genus  occur  in  Upper 
Silurian  rocks. 

Lamellibranchiate  shells  are  far  more  frequently  met  with  in  the 
Upper  Silurian  strata  than  in  the  Lower ;  a  fact  indicated  long  ago  by 
the  organic  remains  figured  in  my  former  work,  and  confirmed  by  subse- 
quent observations.  Out  of  forty-five  species  quoted  in  Prof.  Phillips's 
detailed  memoirf,  published  nine  years  after  the  '  Silurian  System,'  five 
or  six  only  are  found  in  the  Caradoc  sandstone  and  Llandeilo  fiags.  Prof. 
M'Coy,  in  his  recent  catalogue  of  the  Woodwardian  Museum,  enumerates 
twenty-three  species  as  belonging  to  the  lower  group,  while  he  describes 
fifty  from  the  Upper  Silurian;  as  many  as  twelve  being  common  to  both 

*  Bep.  Brit.  Assoc.  1851,  Trans.  Sect,    applicable.  See  his  Description  of  New 
p.  63.    Tellinomya  of  Hall  proves  to  be    PaJieoz.  Foss.,  Albany,  1857,  p.  141. 
the  same  genus,  though  the  name  is  not        f  Mem.  Geol.  Surv.  vol.  ii.  pt.  2, 1848. 
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divisions.  Major-General  Portlock  baa,  indeed,  described  many  Lower 
Silurian  forms  of  this  group  from  Ireland,  but  an  inspection  of  tbe 
Museum  of  the  Geological  Survey,  and  of  numerous  private  collections, 
wiU  convince  any  one,  that  the  larger  proportion  in  species  is  still  on 
the  side  of  the  Upper  Silurian  rocks ;  whilst  the  individuals  in  them  are 
unquestionably  more  numerous. 

The  suggestive  remark  of  Prof.  Phillips  must  here  be  noticed,  that 
the  families  to  which  the  Silurian  Lamellibranchiata  generally  belong 
are  those  which  occur  at  the  junction,  so  to  speak,  of  the  Monomyarian  ' 
and  Dimyarian  groups.  Mytiloid,  Nuculoid,  and  Aviculoid  shells,  with 
few  additions,  were,  therefore,  the  representatives  of  this  order  in  the 
Silurian  seas. 

Gasteropod  moUusca,  or  univalve  shells,  are  spread  throughout  the 
Upper  Silurian,  but  seldom  form  a  conspicuous  feature.  The  Wenlock 
limestone,  however,  is  neither  poor  in  species  nor  individuals,  though  se- 
veral are  yet  unpublished.  Among  them,  Euomphalus  occupies  a  marked 
place;  four  species  especially  swarming  in  certain  localities,  viz.  E.  discors, 
PI.  24.  f  12,  E.  rugosuB,  f.  18,  E.  funatus,  PL  26.  f.  3,  and  E.  alatus, 
f.  4.  A  species  also  very  like  E.  centrifugus,  Wahlenberg,  not  un&e- 
quently  occurs  with  them.  Euomphalus  sculptus,  f.  2,  which  appears 
to  be  only  a  variety  of  E.  funatus,  is  found  as  frequently  in  the  Llan- 
dovery as  in  Wenlock  rocks.  The  E.  alatus,  f.  4,  is  chiefly  a  Wenlock 
shale  species,  and  occurs  of  the  largest  size  in  the  calcareous  slates  of 
the  Dingle  promontory  in  Leland.  It  is  there  associated  with  several 
other  species,  particularly  the  large  E.  lautus  and  E.  tricinctus,  M'Coy. 
E.  carinatus,  PI.  24.  f.  11,  is  more  characteristic  of  the  Middle  Ludlow 
or  Aymestry  rock.  Of  all  these  species,  E.  funatus  is  by  far  the  most 
common,  and  has  the  greatest  vertical  range.  Its  concentric  operculum 
is  often  met  with,  and  helps  to  show  the  near  relation  of  the  genus  to 
Delphinula,  as  above  stated  (p.  214,  Note). 

Turbo  cirrhosus,  PL  24.  f.  10,  often  occurs  in  the  Wenlock  shale,  and 
the  T.  Williamsii,  PL  34.  f.  14,  together  with  two  other  species  of  the 
genus  mentioned  in  p.  216,  are  frequent  in  the  Upper  Ludlow,  especially 
in  the  tilestones.  This  last  rock  is  also  crowded  with  the  Trochus  ?  he- 
licites,  R.  84.  f.  12, 13,  a  shell  which  is  referred  to  that  genus  with  great 
doubt,  since  it  looks  more  like  a  land-snail  in  outward  form.  It  probably 
belongs  to  a  distinct  genus  (Platyschisma  of  M'Coy),  and  is  in  no  way 
allied  to  the  group  in  which  it  now  stands.  Trochus  cselatulus,  M'Coy, 
is  a  rare  species  from  the  Woolhope  limestone ;  and  Turbo  (Littorina) 
undifer,  M'Coy,  is  a  small  species  of  the  Aymestry  rock. 

The  TurritellaB,  Sil.  Syst.,  of  the  uppermost  Ludlow  rocks  have  been 
already  referred  to  the  genus  Holopella,  p.  214 ;  H.  obsoleta,  PL  34.  f  11, 
H.  gregaria,  f  10  a,  and  H.  conica,  f.  10,  being  very  frequent  fossils  in 
this  stratum  in  Westmoreland,  Shropshire,  and  S.  Wales.    Prof.  M'Coy 
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has  distinguished  another  smaJl  species,  H.  gracilior,  from  the  Wenlock 
shale  of  Llangollen.  Loxonema  sinuosa,  PL  24.  f.  3,  and  L.  elegans, 
M'Coy,  are  chiefly  Ludlow  rock  species.  The  latter  is  a  fine  shell,  two 
inches  long,  and  is  frequent  both  in  the  Wenlock  and  Ludlow  shales. 

Spiral  shells  with  notched  apertures,  Pleurotomaria  and  Murchisonia, 
are  common.  Murchisonia  corallii,  PI.  24.  f.  7  ;  M.  articulata,  f.  2,  and 
M.  torquata,  M'Coy,  are  slender  turreted  forms  in  the  Ludlow  rocks. 
M.  cingulata,  Hisinger,  three  inches  long,  from  Aymestry,  is  found 
also  in  Gbthland.  M.  Lloydii,  H.  24.  f.  5,  abounds  in  the  Middle  and 
Lower  Ludlow,  and  is  frequent  in  Wenlock  limestone.  Pleurotomaria 
balteata,  Phillips  (Mem.  Geol.  Surv.  vol.  ii.  pt.  1.  pi.  15),  is  another 
interesting  Wenlock  form;  and  P.  undata,  PI.  24.  f.  6,  is  from  the 
Lower  Ludlow,  where  some  other  large  species,  yet  unpublished,  are  also 
found.  Acroculia  (Nerita)  Haliotis,  PI.  24.  f.  9,  and  A.  prototypa,  f.  8, 
are  exceedingly  abundant,  the  first  especially,  in  Wenlock  limestone,  and 
also  in  the  Upper  Silurian  of  Bohemia.  These  moUusks  seem  to  have 
formed  the  chief  diet  of  the  numerous  encrinites  of  the  period,  both  in 
England  and  America  (see  p.  246).  NaticaP  parva,  PI.  25.  f.  1,  and  a  few 
other  shells  complete  the  list  of  published  species ;  but  many  others,  I 
am  assured  by  Mr.  Salter,  remain  to  be  described. 

One  or  two  Pteropods  only  have  yet  been  detected,  nor  do  they  seem 
to  be  so  plentiful  as  in  the  lower  rocks.  Theca  Forbesi  of  Sharpe,  a 
species  very  like  that  figured  in  Fobs.  39.  f.  1,  p.  218,  and  T.  anceps, 
Salter,  are  Wenlock  shale  species,  and  the  former  is  also  common  in  the 
Upper  Ludlow  rock.  Besides  these,  Conularia  seems  to  be  the  only 
British  Upper  Silurian  pteropod,  unless  the  Cyrtolites  laevis,  PI.  25.  f.  9, 
may  be  considered  a  member  of  this  group.  The  beautiful  and  variable 
Conularia  Sowerbyi  (G.  quadrisulcata,  var.,  of  my  former  work),  PI.  25. 
f.  10,  is  often  found  in  Wenlock  limestone,  and  occurs  with  a  rarer 
species,  0.  subtilis,  Salter,  in  the  Ludlow  rocks  of  Westmoreland. 

Bellerophons  are  frequent.  B.  dilatatus,  PI.  25.  f.  5,  6,  is  one  of  the 
largest  univalves  in  the  Ludlow  and  Wenlock  rocks.  The  broad,  ex- 
panded mouth  is  often  three  inches  wide,  and  is  sometimes  furnished 
with  radiating  ribs  (see  the  figure), — ^at  other  times  smooth,  Foss.  39. 
f.  8,  in  Chap.  9.  B.  Wenlockensis,  PL  25.  f.  7,  is  very  characteristic  of 
the  strata  implied  in  its  name.  B.  expansus,  f.  8,  is  equally  so  of  the 
Upper  Ludlow  rock.  The  latter,  and  B.  Murchisoni  ?,  PI.  84.  f.  19,  B. 
carinatus,  f.  8,  and  B.  trilobatus,  f.  9,  generally  of  small  size,  are  most 
abundant  everywhere  in  the  Upper  Ludlow  rock. 

Of  the  Cephalopoda  which  chiefly  typify  the  Upper  Silurian  strata,  it 
is  unnecessary  to  repeat  what  has  been  said  of  them  in  describing  the 
Wenlock  and  Ludlow  formations ;  the  species  which  most  abound  have 
already  been  enumerated  (see  pp.  126, 141,  Ac.).  It  may,  however,  be 
noted,  that  some  of  these  forms  are  specially  characteristic  of  particular 
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strata.  Thus,  the  thin-shelled  species  of  Orthoceras— O.  subundulatum 
and  O.  primaevmn,  here  figured,  are  the  most  frequent  shells  of  the  Wen- 
lock  shale ;  O.  annulatum,  PL  26.  f.  1,  and  its  variety,  fimbriatum,  f.  2,  is 
a  well-known  Wenlock  limestone  species;  O.  filosum,  H.  27.  f.l  (Foss.  61. 
Fossils  (61).    Ufpeb  Silxtbiak  Gsphalopods. 


These  Bpeciee  are  figured  from  si 
8.  O.  Bubundulatam,  Portlock  (Creeeifl  Sedffwicki,  Fori 


2.  O.  Ludense. 


,).  *. 


1.  Orthooeras  filosum. 
two  feet  in  length.  8. 
O.  primsTum,  Forbee.    The  two  latter  are  uBually  8  or  9  inches  long. 

f.  1),  O.  ?  perelegans,  PI.  29.  f.  6,  6,  and  O.  dimidiatum,  PI.  28.  f.  6,  are 
common  Lower  Ludlow  fossib ;  O.  Mocktreense,  PL  29.  f.  2,  is  a  Middle 
Ludlow  or  Aymestry  species ;  while  O.  Ludense,  Foss.  61.  f.  2,  and  PI.  28. 
f.  1,  O.  angulatum,  f.  4,  O.  ibex,  PL  29.  f.  8,  and  especially  O.  bullatum, 
f.  1,  are  frequent  Upper  Ludlow  forms. 

Orthoceras  nummularium,  PI.  26.  f.  5,  O.  excentricum,  PL  27.  f.  8,  O. 
canaliculatum,  PL  28.  f.  3,  are  rarer  Wenlock  species ;  whilst  O.  distans, 
PL  26.  f.  4,  O.  subgregarium,  PL  27.  f.  2,  and  O.  imbricatum,  PI.  29.  f.  7, 
are  among  the  less  abundant  Ludlow  fossils. 

Orthoceras  tracheale,  PI.  84.  f.  6,  and  O.  (Tretoceras?)  semipartitum, 
f.  5,  though  not  very  common,  are  characteristic  of  the  uppermost  Lud- 
low or  tilestones ;  as  well  as  O.  bullatum,  PL  29.  f.  1,  which  must  also 
again  be  noticed,  as  it  occurs  in  the  greatest  abundance  in  eyery  locality 
of  the  Upper  Ludlow  rock,  and  by  inadvertence  has  been  omitted  from 
the  list  in  p.  147. 

The  same  distribution  is  observable  in  the  other  genera ;  for  while 
certain  species  of  Phragmoceras  and  Lituites  are  peculiar  to  the  Wen- 
lock, or  the  Lower  Ludlow,  but  few  range  throughout.  Phragmoceras 
ventricosum*,  PI.  32,  which  has  been  already  mentioned,  is,  however, 
one  of  these  last ;  it  is  frequent  at  Malvern,  in  Wenlock  limestone,  and 
also  at  Leintwardine,  Shropshire,  in  Lower  Ludlow ;  where  also  the  P. 
(Orthoceras)  pyriforme,  PL  30.  f.  1-3,  abounds.  This  species,  being 
straight  instead  of  curved,  has  usually  been  regarded  as  a  distinct  genus, 
Gk>mphoceras.  Phragmoceras  arcuatum,  PL  31.  f.  3,  and  P.  intermedium, 
PL  30.  f.'4,  are  also  Lower  Ludlow  forms.  P.  nautileum,  PI.  81.  f.  1, 2, 
and  P.  compressum,  f.  4,  are  found  in  Wenlock  shale ;  the  last  is  even 
a  Llandovery  fossil. 
*  This  fine  Silurian  species  oen  scarcely  be  the  Orihooeras  ventricosum,  Steininger. 
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litiiites  articulatos  is  found  both  in  Wenlock  and  Ludlow  rocks ;  L. 
Biddulphii,  Fl.  31.  f.  5,  in  Wenlock  limestone.  Lituites  giganteus,  PI.  33. 
f.  1, 2,  S,  is  one  of  the  finest  fossils  from  Leintwardine  and  MalTem ;  and 
L.  torfcuosus,  of  which  a  fragment  is  figured,  f.  4,  is  found  in  the  black 
nodules  of  the  Wenlock  shale  near  Welshpool,  and  also  at  Dudley. 

The  curious  genus  Ascoceras,  of  which  M.  de  Barrande  has  described 
several  species  from  the  Bohemian-  basin,  has  been  found  iu  the  upper- 
most Silurian  rocks  of  Britain.     The  species  differs  but  little  from  the 

Fossils  (62).    Ah  Uppeb  Ludlow  CsPHALOFOih 


AtcoeerM  Bainuidii,  8«ltar  (Quart.  Geol.  I '^H     V^om  ncif  Usk,  M oomovtlMhlret  in  Upp«r 

,  1866,  ToL  zH.  p.  S81}.  /    S  Ludlow  rock. 


common  Bohemian  form ;  it  has  been  called  A.  Barrandii  by  Mr.  Salter. 
There  are  specimens  from  Usk,  Ludlow,  and  Malvern  in  the  Museum  of 
Practical  Geology ;  and  it  may  prove  to  be  common.  This  fossil  seems 
more  nearly  allied  to  the  curious  genus  Tretoceras  above  mentioned 
(p.  220 :  Diploceras,  in  the  former  edition)  than  might  be  at  first  sup- 
posed. 

To  complete  the  catalogue  of  the  Upper  Silurian  fauna,  a  brief  sketch 
must  be  given  of  its  amiulose  aihimals,  the  worms  and  crustaceans,  as 
well  as  of  the  few  remains  of  fishes  which  have  been  discovered. 

Comulites  serpularius  (see  Fl.  16.  f.  3-10)  is  still,  as  in  the  Llandovery 
rocks,  the  principal  annelide ;  and,  though  more  fr^uent  in  the  Wen- 
lock limestone,  is  not  rare  in  the  Ludlow  rocks.  The  finest  specimens 
are  from  the  Wenlock  limestone  of  Ledbury ;  but  at  Dudley  Comulites 
are  found  attached  to  shells,  in  groups  of  three  or  four  together,  like  Ser- 
pul»,  and  they  occur  in  profusion  on  the  hard  and  sea-worn  surfiices  of 
Ludlow  rock  at  Marloes  Bay  in  Pembrokeshire,  in  masses  a  foot  in  dia- 
meter. Tentaculites  omatus,  Fl.  16.  f.  11,  abounds  in  the  Dudley  lime- 
stone ;  whilst  a  small  species,  T.  tenuis,  f.  12,  occurs  in  the  Upper  Lud- 
low rock.  The  place  of  the  latter  is  sometimes  taken  by  a  form  so  like 
T.  Anglicus  of  the  lower  division,  that  it  may  possibly  be  a  variety  only; 
in  which  case  we  gain  another  characteristic  fossil  for  uniting  the  two 
groups.  This  Tentaculite  is  plentiful,  like  the  Comulite,  in  the  sandy 
Ludlow  rocks  of  Marloes  Bay  and  Freshwater,  Pembrokeshire. 

Other  annelides  (Serpulites,  Sil.  Syst.)  are  very  common  in  the  Ludlow 
rock.  They  are  flattened  tubes,  thick  at  each  projecting  edge ;  sometimes 
shelly,  but  at  other  times  corneous,  or  even  membranous  on  the  sides. 

s2 
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SerpuliteB  longissimus,  PL  16.  f.  1,  grew  to  a  length  of  twenty  inches, 
measured  round  its  long  spiral  curve.  It  is  one  of  the  type  fossils  which 
most  attracted  me  when  I  first  traced  the  range  of  the  Upper  Ludlow 
rock.  Greyish-blue  portions  of  it  are  found  in  that  band  over  great 
distances  throughout  the  Silurian  region,  and  the  small  shining  frag- 
ments are  often  mistaken  for  remains  of  fish.  S.  dispar,  Salter,  from 
Kendal,  the  tube  of  which  has  remarkably  thin  sides,  is  figured  in  the 
work  descriptive  of  the  "Woodwardian  Museum.  Trachy derma  coriacea 
and  T.  squamosa  of  Phillips*  are  wrinkled  tubes  of  these  creatures,  fre- 
quent in  the  Ludlow  rocks  of  the  original  Silurian  region,  and  are  oc- 
casionally found  in  an  upright  position  in  the  bed.  A  few  other  species 
are  found  in  the  Wenlock  strata,  and  the  stratum  which  I  formerly 
distinguished  as  the  Fucoid  bed  of  Ludlow  (p.  147).  It  appears  to 
contain  no  remains  of  sea- weed,  but  to  be  made  up  of  the  closely  inter- 
woven burrows  of  marine  worms. 

The  Crustacea,  with  rare  exceptions,  are  trilobites.  They  are  exceed- 
ingly abundant,  forming  in  some  beds,  and  specially  in  the  Wenlock 
limestone,  the  most  conspicuous  fossils.  Many  forms  have  been  already 
quoted  in  the  preceding  chapters ;  and  two  woodcuts  are  here  given,  to 
represent  either  the  principal  forms  not  illustrated  in  the  original  work, 
or  those  now  more  perfectly  known.    Among  the  latter  we  may  reckon 

Fossils  (63).    Upfes  Silitbiak  Cbfstacba. 


1.    Lichas  Anglieua,  Beyrich,  r»    l_Jgf  K"^^^S  '*^<^i    Fletcher.      4.    Bejiidiia 

and  its  hypottome  or  labrum.    S.  ^^^^^Sf  Fi^jjfeg  Kkedeni,    M'Coy ;    natural   use 

Calymene  tuberculoaa,  Salter,  also  ^^^^ST  T^J'^^Sy  "^^  magnified.    The  other  flgorea 

with  its  labrum.    S.  Lidias  Bar-  'VsSaw^  ^^^^F  are  reduced  to  about  half  aiie. 


the  elegant  and  highly  ornamented  Dudley  fossils,  Encrinurus  punctatus, 
Foss.  64.  f.  5,  and  E.  variolaris,  f.  6.  These,  which  are  known  by  the 
name  *  strawberry-headed '  by  collectors,  are  found  on  every  slab  of 
Wenlock  limestone,  but  seldom  perfect  except  at  Dudley,  where  nume- 
rous specimens  ornament  the  cabinets  of  Mr.  Gray  and  Mr.  Fletcher  of 
that  place.  Cheirurus  bimticronatus,  Foss.  64.  f.  4,  figured  from  fig- 
ments only  in  my  old  work,  is  found  perfect  in  the  same  collections,  and 
in  the  cabinet  of  my  friend  the  Bev.  T.  T.  Lewis.  The  singular  genus 
Acidaspis  (mihi)  is  now  better  understood  than  when  formerly  described, 
and  no  less  than  six  species  of  this  genus,  besides  Acidaspis  Brightii, 
Sil.  Syst.  (PI.  18.  f.  7,  and  Foss.  64.  f.  8),  are  known  in  the  Upper  Silu- 
rian rocks.  The  head^  Foss.  64.  f.  9,  of  one  of  the  largest  species,  called 
*  Mem.  Geol.  Sarv.  vol.  ii.  part  1.  pi.  4. 
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A.  Barrandii  by  Mr.  Fletcher,  is  here  figured.  It  belongs  to  a  group, 
remarkable  for  haying  the  lobes  of  the  head  nearly  obliterated,  and  pos- 
sessing two  large  neck-spines.  The  common  Caljmene  Blumenbachii, 
PL  18.  f.  10,  is,  perhaps,  the  most  prolific  of  all  the  Silurian  trilobites, 
and  is  besides,  as  before  stated,  known  in  the  lower  division  of  the 
system.  C.  tuberculosa,  Fl.  18.  f.  11,  and  Foss.  68.  f.  2,  which  was  for- 
merly given  as  a  variety  of  it,  is  a  very  plentiful  species  in  the  Wenlock 
shale. 

Among  the  trilobites  here  figured  which  were  not  published  in  my 
former  work,  SphsBrexochus  minis,  Foss.  64.  f.  1,  is  singularly  formed ; 
the  head  being  so  inflated  as  to  resemble  a  ball.  This  Wenlock  fossil 
has  a  very  general  geographical  or  horizontal  range,  being  found  both 
in  America  and  Bohemia  in  Upper  Silurian  rocks.  It  appears,  however, 
to  have  existed  earlier  in  Britain  than  in  those  distant  parts ;  for  it  is 
found  in  the  equivalent  of  the  Caradoc  rocks  in  Ireland.  Four  or  five 
species  ofLichas  (a  genus  already  figured  in  Chap.  9)  are  now  known' 
in  Wenlock  limestone.  The  genus  is  remarkable  for  the  shape  of  the. 
head  and  its  lobes.  L.  Grayii,  L.  Salteri,  L.  Barrandii,  Foss.  68.  f.  3, 
and  L.  hirsutus,  are  all  species  figured  from  the  rich  collection  of  Mr. 
Fletcher  (Quart.  Qeol.  Joum.  vol.  vi.  p.  236).    With  them  is  associated 

Fossils  (64).    Wbklook  LmsTONE  TbiiiObitbs. 


I.  SphKrezochoi 
mims,  Beyridi,  with 
a  oofled-up  spedmen. 
S.  Cyphaspia  mega- 
lopa,  M'Goy.  3.  Pha- 
cops  Dofwningiaei 
both  extended  and 
eoiled-op.   4.  Cheini- 


and  its  labnun  or  Up. 


6.  Encrinonis  pone- 
tatos,  and  ita  labnun, 
drawn  from  a  Dadlej 
specimen.  0.  E.  ra- 
riolaris.  7.  Proetus 
latifrons,  M'Coj.  8. 
Aeidaspis  Brightii,  in 
part  restored.  9.  A. 
Bsnrandii,  Pletdier  & 
Salter,  the  head. 


a  small  and  very  common  species,  the  L.  (Arges)  Anglicus  of  Beyrich, 
Foss.  63.  f.  1,  of  which  a  very  imperfect  illustration  was  formerly  given 
in  Brongniart's  work,  from  a  Dudley  specimen.  It  occurs  also  in  Upper 
Ludlow  rock,  in  the  Whitcliflfe,  Ludlow.  Phacops  Dovmingiae,  Foss.  64. 
f.  3,  and  PI.  18.  f.  2-6,  P.  caudatus,  PI.  18.  f.  1,  vnth  its  variety,  P.  longi- 
caudatus,  PI.  17.  f.  3-6,  have  been  already  quoted  (p.  134)  as  very  com- 
mon forms. 

Proetus  Stokesii,  PI.  17,  f.  7,  and  P.  latifrons,  Foss.  64.  f.  7,  are  also 
far  from  rare  in  Wenlock  strata.  The  Bumastus  Barriensis  (Ill»nus, 
auct.),  Foss.  16,  p.  128,  and  PI.  17.  f  9-11,  ranges,  as  before  said,  from 
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the  lowest  Wenlock  beds  to  near  the  top  of  the  Upper  Silurian.  This 
fine  fossil  occurs  of  the  largest  size  in  the  "Woolhope  limestone,  and  is 
found  in  the  pipeclay  beds  of  that  formation  at  Malvern.  Two  species 
of  Homalonotus  also  have  been  already  quoted,  pp.  123,  147  ;  thfe  H. 
Knightii  being  very  characteristic  of  the  Upper  Ludlow  rock. 

Cyphaspis  megalops,  Foss.  64.  f.  2,  and  a  small  species,  C.  pygmsBus, 
Salter,  are  the  only  species  of  that  genus  known  in  England.  The  former 
began  life  in  the  Lower  Silurian  epoch.  Deiphon  Forbesii,  Barrande,  is 
a  rare,  globular-headed  trilobite,  found  both  in  the  Dudley  limestone,  and 
its  equivalent  rock  in  Bohemia.  And  lastly,  there  is  a  species  of  Bron- 
teus,  probably  the  B.  laticauda,  Wahlenberg,  found  by  my  deceased 
friend  Dr.  Lloyd,  in  the  Wenlock  limestone.  It  is  figured  by  Professor 
Phillips  under  the  name  of  B.  signatus  (Pabeoz.  Foss.  of  Cornwall,  &c., 
f.  254).  The  original  of  this  rare  fossil  is  in  the  cabinet  of  Mr.  Tennant, 
of  London. 

A  goodly  list  of  trilobites  of  the  Upper  Silurian  rocks  has  thus  been 
given,  and  many  other  forms  will  probably  reward  research. 

The  small  bivalve  crustaceans,  called  by  M*Coy  Beyrichia,  remain  to 
be  noticed.  Of  this  genus,  the  Upper  Silurian  species  is  B.  Kloedeni, 
M'Coy,  according  to  Mr.  T.  Bupert  Jones,  our  best  authority  on  these 
subjects,  Foss.  63.  f.  4.  It  is  a  very  abundant  species  from  the  base  of 
the  Wenlock  shale  to  the  highest  Ludlow  stratum,  varies  greatly  in 
shape,  and  is  a  good  index  of  the  Upper  Silurian,  though  found  some- . 
times  in  the  Llandovery  rocks ;  whilst  B.  siliqua,  Jones,  has  lately  been 
detected  in  slabs  of  Woolhope  shale  near  Malvern.  The  Lower  Silurian 
form,  it  will  be  recollected,  is  B.  complicata,  Chap.  9.  p.  223.  These 
bivalve  Crustacea  are  numerous  and  of  a  finer  growth  in  the  Upper  Silu- 
rian limestones  of  Sweden ;  and,  together  with  the  still  larger  Leperditia 
of  Gothland,  are,  in  the  opinion  of  good  naturalists,  probably  of  the 
Phyllopod  tribe,  and  more  nearly  allied  to  living  forms  than  the  trilobites 
that  accompany  them. 

Fossils  (65).    An  Upper  Silubiak  Crustacean. 


Centiocaro  from  Leama-  ^ti^k  JJ         '**"^  **^  another  apeciea, 

hago.f.l,  with  its  abdomen  ^^    ynB  /  .■■•.:  J  ahowing  the  two  WBvea  of 


recurred;  and f. 2, the cara-  /'Vl^tf^?^.        i    /^,      IWtK  which  it  i«  compoaed. 


So  also  may  be  some  larger,  shrimp-like  forms,  C^ratiocaris,  fix)m  the 
Ludlow  rocks  of  Kendal,  Ludlow,  and  the  S.  of  Scotland.  One  of  these, 
the  C.  inomatus,  is  three  or  four  inches  long.    The  carapace,  or  front  part 
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only  of  the  body  of  this  species,  was  described  by  Professor  M*Coy ;  but 
the  possession  of  more  perfect  specimens  of  other  species — some  even 
of  greater  size — ^has  now  permikted  the  delineation  of  the  entire  form ; 
and  the  present  opportunity  is  seized  to  correct  an  error  in  a  preyioua 
description*,  in  which  the  anterior  was  mistaken  for  the  hinder  end 
of  the  carapace.  Prof.  M^Coy,  indeed,  thought  he  had  discoyered  the 
eye  near  the  pointed  end ;  and  if  such  were  the  case,  the  analogy  with 
the  small  schizopod  Crustacea  (Cuma,  Bodotria,  &c.)  would  hare  been 
T6iy  considerable.  But  there  is  good  eyidence  that  Ceratiocaris  was  a 
biyalye  crustacean,  probably  of  the  Phyllopod  tribe,  and  that  the  trun- 
cated, not  the  .pointed  end,  was  anterior.  To  the  same  genus  also  belong 
those  curious  striated  crustacean  spines  which  are  represented  in  PL  19. 
f.  1,  2.  They  have  been  minutely  distinguished,  by  Prof.  M'Coy,  from 
fish-defences,  with  which  they  were  formerly  confounded.  (See  Chap.  7. 
p.  148.)  That  naturalist,  indeed,  supposed  them  to  be  the  slender 
pincers  of  some  large  crustacean  from  the  Lower  Ludlow,  and  hence 
called  them  Leptocheles,  Tiz.  L.  leptodactylus,  M'Coy,  and  L.  Mur- 
chisoni,  PI.  19.  f.  1.  But  M.  Barrande  had,  at  the  same  time,  found 
more  perfect  specimens  in  Bohemia,  indicating  that  these  long  pointed 
spines  are  the  trifid  tail  of  a  crustacean,  something  like  that  of  the  car- 
boniferous genus  Dithyrocans.  His  accurate  figures,  as  yet  unpub- 
lished, show,  howeyer,  only  the  terminal  segment  of  the  abdomen.  The 
perfect  specimens  from  Ludlow  and  Lesmahago  show  the  entire  struc- 
ture ;  and  we  are  now,  therefore,  able  to  unite  all  these  forms  in  one 
genus.  There  cannot  be  less  than  twelye  or  fourteen  species  distributed 
in  the  Lower  and  Upper  Ludlow  rocks :  some  of  them  must  haye  been 
nearly  a  foot  in  length,  and  others  are  minute. 

The  largest,  if  not  the  most  highly  organized  crustacean  in  the  Silu- 
rian list,  is  the  Pterygotus  problematicus,  before  mentioned.  The  frag- 
ments of  the  body-rings,  which  are  represented,  PI.  19.  f.  4,  5,  were 
at  first  considered  by  Agassiz  to  be  fish-scales  t ;  but  that  author  soon 
afterwardsit  corrected  his  statement,  and  assigned  the  animal  its  true 
place  among  the  Crustacea.  Beference  has  already  been  made  to 
seyeral  other  species,  pp.  140, 155,  the  most  gigantic  of  which,  perhaps, 
occurs  in  the  Tilestone  quarries  of  Kington.  The  dimensions  which  P. 
problematicus,  the  Ludlow  species,  attained  are  unknown ;  though,  from 
fragments  of  the  pincers  described  by  Strickland  and  Salter  §,  it  was  pro- 
bably not  much  less  than  that  of  the  great  fossil,  the  '  Seraphim '  of  the 
Scottish  quarrymen,  which  must  haye  been  6  or  7  feet  in  length  {| .  Prof. 
M'Coy  has  referred  these  monsters  of  their  order  to  the  group  of  the 

*  See  Salter;  Quart.  Geol.  Jouni.        §  Quart. Geol.  Jourii.(  1852)  vol. Tiii. 

vol.  zii.  p.  33.  p.  386.  pi.  21. 

t  Sil.  Syst.  p.  606.  ||  The  P.  (Himantopterus)  Banksii 

X  Poiss.  Vieux  Gr^s  Rouge,  pi.  1.  could  not  have  measured  as  many  inches. 
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XiphoBura,  of  which  the  large  king-crab  is  the  modem  type ;  and  Ferd. 
Boemer  has  beautifully  figured  an  allied  and  complete  form,  the  Eury- 
pterus  of  DeKay,  from  the  neighbourhood  of  Lake  Erie,  which  he  con- 
siders as  belonging  to  the  same  group*.  Eichwald's  figures  of  the 
Eussian  Eurypteri  (see  p.  179)  are  also  very  good,  and  now  that  the 
entire  form  of  Pterygotus  itself  has  been  discovered,  they  help  to  com- 
plete the  eyidence  for  the  formation  of  a  new  family  of  Crustacea.  These 
are  the  EurypterideB — already  so  named  by  Burmeister,  but  with  a  dif- 
ferent meaning  to  that  which  the  term  now  implies. 

In  a  memoir  already  quoted  (Quart.  Joum.  GeoL  Soc.  vol.  xii.  p.  28), 
Professor  Huxley  has  given  reasons  for  considering  these  great  Crustacea 
to  be  of  a  type  nearly  resembling  some  of  the  smallest  of  our  living  deca- 
pod Crustacea  (Alauna,  Bodotria,  Cuma,<Sbc.),  and  as  even  showing  great 
similarity  to  the  larval  state  of  fche  higher  forms ;  and  he  adopts  the  term 
EurypteridsB  as  including  these  two  genera  of  paleozoic  age,  if  not  some 
others,  at  present  unsatisfactorily  arranged  among  the  Phyllopods. 

The  restoration  of  these  huge  Pterygoti  can  now  be  effected,  and  an 
attempt  has  already  been  made  (p.  155)  to  show  the  entire  form  of  the 
P.  Anglicus. 

In  this  restoration  the  mandibles,  with  their  palpi,  are  seen  in  their 
true  place,  and  in  the  figures  given  at  p.  178,  Foss.  25,  fig.  4  shows  the 
serrate  tips  to  the  great  foliaceous  bases  of  the  swimming-feet  (fig.  3). 
These  two  portions,  figs.  3,  4,  should,  indeed,  be  united  in  a  single 
figure ;  but  the  usual  appearance  is  that  given  in  the  figure,  the  swim- 
ming-feet being  rarely  found  perfect. 

The  entire  form  was  very  simple :  a  small,  half-oval,  or  subquadrate 
carapace,  followed  by  twelve  convex  body-rings — ^the  last  of  which  formed 
a  pointed,  truncate,  or  even  bilobed  tail-joint ;  two  large,  compound  eyes 
on  the  sides  of  the  carapace ;  and  beneath  it  a  wide  epistome,  divided 
into  three  lobes,  of  which  the  central  one  is  long,  narrow,  and  expanded 
at  the  tip. 

Four  pairs  of  appendages  only  are  known, — a  pair  of  large  4-jointed 
antennsB  with  massive  chelsB,  which  are  furnished  with  sharp  cutting 
teeth,  large  and  small ;  a  pair  of  mandibles  with  serrate  edges,  and  with 
a  single  palpus  of  5  or  6  joints.  Then  there  is  the  large  pair  of  swim- 
ming-feet of  seven  joints  each,  the  basal  one  excessively  large  and  serrate 
at  its  inner  edge,  and  the  terminal  ones  expanded  for  swimming,  like 
those  of  the  pelagic  crabs  (Portunus,  Ac). 

These  are  all  attached  to  the  carapace.  No  appendages  to  the  rings 
of  the  body  have  been  observed — ^indeed,  it  is  clear  that  none  existed, — a 
circumstance  which  Prof.  Huxley  regards  as  of  much  importance  in 
determining  the  affinities  of  these  old  Crustacea. 

*  Dunker  and  Meyer,  Palaeontographica,  vol.  iv.  pt.  1.  p.  8.  pi.  2. 
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Eurypterus,  though  resembling  Pterygotus,  differs  from  it  in  having 
the  eyes  on  the  middle  of  the  shield* — ^not  lateral ;  also  by  the  want  of 
the  great  pincer-like  claws,  as  we  find  by  the  figures  given  in  various 
authors.  Three  or  four  species  of  the  genus  have  been  found  in  Britain, 
and  they  have  the  same  scale-like  sculpturing,  though  less  conspicuous 
than  in  Pterygotus. 

The  distribution  of  these  two  genera  is  as  follows : — 

As  already  stated,  p.  106,  there  is  a  rare  species  of  Pterygotus  in  the 
Llandovery  rocks,  though  it  is  only  of  late  that  any  forms  of  the  genus 
have  been  found  in  so  old  a  rock  even  as  the  Lower  Ludlow.  Two  spe- 
cies occur  in  the  last-named  stratum :  the  chief  one,  distinguished  by  its 
prominent  and  pointed  squamte,  and  by  its  long  swimming-feet,  has  been 
called  P.  punctatus ;  its  mandibles  are  burnished  with  great  fringed  palpi. 
The  other  species  has  more  open  sculpture,  like  that  of  the  P.  problema- 
ticus,  which  is  characteristic  of  the  Upper  Ludlow  rock.  Of  this  latter 
species,  mere  fragments  are  yet  known,  including  parts  of  the  feet,  the 
jaws,  the  antenns  (described  as  pincers,  see  p.  263),  and  some  portions 
of  the  under  side.  There  are,  however,  at  least  two  large  and  several 
small  species  in  the  Upper  Ludlow  rock. 

Again,  from  the  tilestones  of  Kington,  Herefordshire,  Mr.  Banks  has 
disinterred  another  fine  Pterygotus,  which  has  a  wide  expanded  pre- 
caudal  joint  and  a  head  rounded  in  front.  This  is  not  the  same  species 
as  the  large  fossil  already  described  under  the  name  P.  Anglicus,  which 
has  a  blunt  and  truncated  head :  and,  as  it  appears  not  to  be  identical 
with  the  fragments  of  P.  problematicus  of  Agassiz,  it  will  be  named 
P.  gigas.  This  must  have  been  truly  a  gigantic  fossil,  rivalling,  if  not 
exceeding  in  size,  the  nearly  allied  P.  Anglicus,  which  has  already  been 
figured  in  Chap.  7. 

As  tending  to  indicate  an  exact  horizon  for  some  of  these  species,  it 
may  be  remarked  that  the  P.  gigas  is  now  known  to  occur  just  at  the 
junction  of  the  Silurian  and  Old  Bed  formations  both  at  Kington,  at 
Ludlow,  and  near  Kidderminster.  There  is  reason  to  believe  that  the 
beds  in  Porfarshire,  in  which  the  great  Pterygotus  Anglicus,  its  closest 
ally,  is  found,  are  of  the  same  date. 

Both  in  Scotland  and  in  Worcestershire  the  Pterygotus  is  accom- 
panied by  the  Parka  decipiens  (see  Chap.  11),  a  fossil  which  Dr.  J. 
Fleming  supposed  to  be  the"  fruit  (or  receptacle  of  the  fruit)  of  some 
plant.  There  is  strong  reason  for  thinking  that  these  fossils  are,  on  the 
contrary,  the  egg-paeJceta  of  Pterygotus.     They  were  of  a  discoid  shape, 

*  Pterygotus  waa  formerly  supposed  a  subgenus  with  elongate  eyes,  and  some 

to  have  the  eyes  in  this  position  (Lyell's  differences  in  the  under  parts  of  the 

Manual,  5th  edit.,  p.  420).    Now  that  head  :  for  instance,  the  central  lobe  of 

the  true  lateral  place  of  these  organs  is  the  epistome  is  ovate  instead  of  sagit- 

known,  Himantopterus  will  only  form  tate,  the  palpi  longer,  &c. 
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attached  by  a  long  pedicle,  and  ore  puckered  and  plaited  from  the  point 
of  attachment  as  from  a  centre.  The  appearance  is  aa  if  a  tough  mem- 
brane containing  rounded  and  rather  sofb  egg-shaped  bodies  had  suffered 
compression  in  the  rock.  The  oyoid  masses  afford  no  indications  of  a 
style  or  stigma,  such  as  must  haye  been  present  had  they  been  of  the 
nature  that  Dr.  Fleming  supposed.  That  a  great  crustacean,  so  like  in 
many  respects  to  the  Copepoda,  should  have  had  large  pedunculate  ovi- 
sacs, is  fior  from  unlikely,  although  the  discoid  shape  of  the  fossil  bodies* 
is  different  from  that  of  the  living  forms. 

There  are  indications  of  several  other  species  of  Fterygotus  in  the  tile- 
stones  :  F.  Banksii,  the  least  of  them  all,  is  figured  here,  Eoss.  66.  f.  2. 

FoBsnfi  (66). 

FTEBTGOTUS  Ain>  EUBYPXEBrS,  7B0M  THE  TlLESTOITBS  OF  KlKOTON. 

2 


Euiyptenu  p^- 
tamuM,  Salter. 


9.  Ptefjfgotitt  Bmkiiii 
Salter. 


As  far  as  has  yet  been  ascertained,  the  genus  Eurypterus  did  not  begin 
to  live  so  early  as  the  Pterygotus,  the  oldest  yet  found  being  the  E.  Ce- 
phalaspist,  Salter,  from  the  Upper  Ludlow  rocks  of  Westmoreland;  but 
it  seems  to  have  continued  longer  in  existence.  The  E.  pygmaeus,  Salter, 
Foss.  66.  f.  1,  a  small  and  abundant  species  in  the  tilestones  at  E^ington 
and  Ludlow,  and  other  species  occurring  at  the  latter  place,  are  yet  un- 
described.  The  genus  occurs  in  beds  of  the  same  age  in  Russia,  as 
already  noted  (p.  179).  And,  as  we  shall  afterwards  see,  a  fine  species 
(or  two)  is  found  in  the  Old  Bed  Sandstone,  and  also  in  the  lower  beds  ^ 
of  the  carboniferous  rocks  of  Scotland,  from  whence  they  were  first 
described  by  Dr.  Hibbert  J. 

Li  the  former  edition  it  was  affirmed,  that  in  the  true  bone-bed  of 
Ludlow  no  remains  of  fish,  save  those  of  a  few  placoid  genera,  were  to 
be  met  with.  Even  here  their  remains  are  very  scanty,  some  of  those 
few  which  were  formerly  referred  to  the  class  having  been  removed,  as 
stated  at  p.  148,  to  crustaceans.    But  those  remarkable  heads  called 


*  Dr.  Mantell  suggested  that  these 
were  ova  of  Batrachians  (Quart.  Geol. 
Joum.  vol.  viii.  p.  106 ;  see  also  Lyell's 
Manual,  6th  edit.,  p.  421) ;  but  Mr.  D. 
Page  has  remarked,  that  not  only  are 
some  of  them  probably  of  vegetable 
origin,  as  described  by  Dr.  Fleming,  but 
others  are  possibly  the  spawn  of  batra- 


chians and  molluscs,  and  even  of  the 
crustaceans  so  common  in  the  Old  Red 
(Advanced  Textbook,  1856,  p.  127). 

t  Appendix  to  Pal.  Foss.  Woodw. 
Mus.pl.  IE.  fig.  21. 

X  Trans.  Roy.  Soc.  Edinb.,  1st  ser., 
vol.  xiii.  pi.  12. 
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PteraspiB  (H.  87.  f.  d-ll)  are  still  to  be  referred  to  fishes,  according  to 
the  recent  observations  of  Prof.  Huxley,  who  has  ascertained  that  there 
is  no  essential  dif^rence  between  their  stracture  and  that  of  Cephalaspis. 
There  are  at  least  two  species  of  these  old  anomalous  Ganoid  ?  fishes 
in  the  Ludlow  rock  itself.  Both  have  been  found  near  Ludlow— one  in 
the  grey  Ludlow  rock,  by  Mr.  John  Harley,  of  King's  College,  London ; 
the  other,  by  Mr.  A.  Marston,  in  the  Bone-bed  of  Ludlow. 

The  first  of  these,  which  is  of  a  plain  oyal  form,  and  with  only  fine  lon- 
gitudinal striffi,  is  probably  the  P.  truncatus,  Huxley  and  Salter,  Foss.  67. 
f.  1 ;  the  other,  a  broader  species,  is  the  P.  Banksii,  id.,  f.  2.  Both  of  these 
(here  figured)  were  discovered  by  Mr.  Banks  in  the  "passage-beds  **  of 
Kington  in  Herefordshire  (p.  153)  ;  the  latter  species  has  been  abo  found 
near  Kidderminster  by  Mr.  Geo.  Soberts  of  that  place,  together  with 
the  Fterygotus  before  mentioned.  The  two  species  of  Cephalaspis  in 
the  shale  at  the  Ludlow  Bailway  Station  (p.  156)  must  not  be  forgotten. 
The  occurrence  in  true  Ludlow  strata  of  one,  if  not  two,  species  of  true 
fishes  identical  with  those  of  the  transition-beds  is  a  fact  of  importance, 
as  tending  to  connect  the  latter  intimately  with  the  Silurian  rocks. 

FossiLB  (67). 
FiSHBS  (Ptesasfis)  fbom  thb  Lxtblow  Bock  aztd  Tbaksitiok  bids. 


1.  Ptenspis  tnmcatiu, 
Huxley  and  Salter,  from 
the  **  Pavage  -  beds,  " 
Kington.  8.  P.  Banksii, 
id. ;  an  ornamented  spe- 


dea,  showing,  too,  the 
cervical  spine.  From 
Upper  Ludlow  rock  at 
Ludlow :  the  same  species 
occurs  in  the  "  Passage- 


But  besides  these,  and  in  the  Ludlow  bone-bed  itself,  there  are- 
true  remains  of  other  fishes*, — defences  of  the  fins  of  shark-like  species, 
with  shagreen  or  skin,  jaws  and  teeth,  and  other  minute  fragments  less 
easily  determinable. 

Onchus  tenuistriatus,  Fl.  35.  f.  15-17,  and  O.  Murchisoni,  f.  13, 14, 


*  In  a  survey  of  the  May  Hill  dis- 
trict, in  Gloucestershire,  made  whilst 
the  pages  of  the  first  edition  were  pass- 
ing through  the  press,  Mr.  H.  E.  Strick- 
land and  myself,  re-examining  the  cut- 
ting of  the  Gloucester  and  Ross  rail- 
road, near  Flaxley  (which  my  friend 
had  already  described.  Quart.  Joum. 
Geol#  Soc  vol.  ix.  p.  8),  discovered  two 
thin  bone-beds,  each  little  more  than 
an  inch  thick,  and  separated  by  about 
fifteen  feet  of  fossiUferous  Upper  Lud- 


low rock.  On  the  same  occasion  we 
observed,  that  the  only  remains  of  small 
land  plants  (one  of  which  seemed  to  be 
a  stem,  and  the  others  numerous  seeds, 
termed  '  spore- cases  of  Lycopodiacete ' 
by  Dr.  Hooker)  occurred  m  beds  above 
the  uppermost  fish-layer,  and  there/ore 
at  the  very  top  of  the  Ludlow  formation, 
just  beneath  the  lowest  beds  of  the  Old 
Red,  in  which  we  found  a  Cephalaspis ; 
the  two  deposits  beins  there  conform- 
ably juxtaposed.  See  Chap.  7* 
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are  bony  fin-defenoes,  sucli  as  are  possessed  by  placoid  fishes  of  the  pre- 
sent day.  Sphagodus,  f.  1,  2,  is  the  prickly  sldn  of  some  such  animal, 
and  may  have  belonged  (as  suggested  by  M*Coy)  to  ope  of  the  former. 
The  small  cushion-like  bodies,  f.  18,  called  Thelodus  parridens  by  Agassiz, 
that  occur  by  myriads  in  the  stratum,  often  forming  hy^e  portions  of  its 
thin  layers,  are  certainly  the  granules  of  the  skin,  or  shagreen,  of  one  or 
other  of  these  two  common  species.  The  remarkable  jaws  and  teeth, 
Fl.  85.  f.  8-8,  first  figured  in  my  former  work,  and  named  by  Agassiz 
•  Plectrodus  mirabilis  and  P.  (Sclerodus)  pustuliferus  (f.  9),  must  still  be 
regarded  as  the  jaws  and  anchylosed  teeth  of  some  small  Ganoid  fish  ; 
possibly  eyen  (as  suggested  by  Mr.  Salter)  of  Pteraspis  or  Cephalaspis  : 
the  teeth  of  these  genera,  if  they  had  any,  being  yet  uhknown.  Prof. 
M*Coy,  howeyer,  is  inclined  to  refer  these  bodies  also  to  the  order  of 
Crustaceans,  an  opinion  which,  from  the  descriptions  of  Egerton,  is  not 
tenable.  Their  texture  is  solid  and  bony,  and  retains  the  jet-like  lustre 
which  the  other  fragments  exhibit. 

Again,  as  eyidence  of  the  predaceous  habits  of  some  of  these  fish,  there 
are  the  small  coprolitic  bodies  (Fl.  85.  f.  21-28),  which,  according  to 
Dr.  Front's  analysis,  contain  the  due  admixture*  of  phosphate  and  car- 
l)onate  of  lime,  with  other  matters ;  they  retain  also,  imbedded  in  them, 
fragments  of  the  yarioua  small  moUusca  and  crinoids  which  inhabited 
the  sea-bottom  in  company  with  the  fish.  It  thus  appears,  that  Belle- 
rophon,  Holopella,  Lingula,  Orbicula,  and  Orthis  were  all  preyed  upon 
by  these  minute  but  dominant  creatures ;  and  the  half-digested  shells 
remain  here,  as  in  the  excrement  of  fishes  of  many  later  formations,  and 
of  the  present  period,  to  attest  the  character  of  their  food  and  the  extent 
of  their  depredations. 

.  Twenty  years  have  now  elapsed  since  I  announced  that  these 
fishes  of  the  Upper  Ludlow  rock  appeared  before  geologists  as  the 
most  ancient  beings  of  their  class  f ;  and  indefifttigable  subsequent 
researches  in  the  various  parts  of  the  world  over  which  Silurian 
rocks  extend  have  as  yet  failed  to  alter  this  generalization.  In 
other  countries,  indeed^  besides  our  own,  as  in  America  and  Bo- 
hemia^ and  notably  of  late  in  Russia  {^  ichthyolites  have  been  dis- 
covered within  the  pale  of  the  Silurian  rocks ;  but  there^  as  with  us, 
they  are  merely  found  on  the  outer  threshold  of  the  system,  and, 
except  in  Russia,  very  sparingly.  We  may,  therefore,  fairly  r^ard 
the  Silurian  system,  on  the  whole,  and  certainly  aU  the  Lower 

*  Sil.  Syit.  pp.  199,  607.  occur  in  the  Lower  Silurian  rocks  of 

t  Sil.  Sytt.  c.  45.  p.  606.  Russia,  I  do  not  class  as  fishes.    The 

X  The  enigmatic,  microscopic  fossils  affinities  of  these  little  bodies  will  be 

named  CSonodonts  by  Pander,  and  which  explained  in  the  Appendix. 
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Silurian^  as  lepresentmg  a  long,  early  period,  in  which  no  bony 
vertebrated  animals  had  been  called  into  existence. 

But  here  we  must  recollect  that,  when  first  created,  the  Onchus 
of  the  uppermost  Silurian  rock  was  a  marine  fish  of  the  highest  and 
most  composite  order ;  and  that  it  exhibits  no  symptom  whatever  of 
transition  from  a  lower  to  a  higher  grade  of  the  family,  any  more 
than  the  crustaceans,  cephalopods,  and  other  shells  of  the  lowest 
fosfiiliferous  rocks,  all  of  which  ofier  the  same  proofs  of  elaborate 
organization.  Nor  does  the  structure  of  Pteraspis,  which  must 
how  be  regarded  as  the  earliest  known  British  genus,  since  it  occurs 
below  the  Ludlow  bone-bed,  offer,  in  Professor  Huxley's  opinion, 
any  evidence  of  having  occupied  a  lower  position  in  the  scale  than 
existing  Granoid  or  possibly  Siluroid  fishes.  In  short,  the  first 
created  fish,  like  the  first  forms  of  those  other  orders,  was  just  as 
marvellously  constructed  as  the  last  which  made  its  appearance,  or 
is  now  living  in  our  seas. 

In  a  word,  the  geologist  who  stands  on  the  summit  of  the  Silu- 
rian rocks  of  Shropshire  and  Herefordshire,  where  they  graduate 
imperceptibly  into  the  Old  Bed  Sandstone,  and  casts  his  eye  west- 
ward over  the  mountains  of  Wales,  sees  before  him  ancient  masses 
in  which,  though  replete  with  copious  animal  remains — ^the  tenants 
of  pre-existing  shores  and  deep  sea-bottoms,  no  traces  of  Yertebrata 
have  ever  been  detected.  In  looking  eastward,  on  the  contrary, 
hills  of  red  sandstone  appear,  the  lower  strata  of  which  immediately 
succeed  to  the  fish-beds  of  the  Ludlow  rocks,  and  in  those  he  finds 
that  fishes  are  the  characteristic  fossils. 

Examining  upwards  from  that  first  great  piscina  of  by-gone 
days,  the  Old  Bed  Sandstone  or  Devonian,  which  will  be  considered 
in  the  next  chapter,  he  ascertains  that  all  the  superjacent  and 
younger  strata,  whether  primary,  secondary,  or  tertiary,  are  more 
or  less  characterized  by  containing  ichthyolites.  In  other  words, 
the  two  or  three  peculiar  fishes  just  enumerated  may  be  viewed  as 
the  heralds  which  announced  the  dose  of  the  Silurian  era  in  Britain, 
and  the  advent  of  the  numerous  other  families  of  this  dass,  which 
thenceforward  are  found  in  aU  the  younger  sediments.  The  name 
Silurian  marks,  therefore,  the  first  series  of  fossiliferous  deposits, 
throughout  the  great  mass  of  which,  no  remains  of  vertebrated  bony 
animals  have  been  discovered. 
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CHAPTER  XI. 

THE  OLD  EED  SAOT)STONE,  OB  DEVONIAN  BOCKS,  AS  EXHIBITJO) 
IN  THE  BBITISH  ISLES. 

Having  described  at  some  length  the  lowest  known  receptades  of 
former  beings^  a  shorter  consideration  only  can  be  devoted  to  the 
younger  races  which  were  successively  enclosed  in  the  higher  tiers 
of  the  vast  primeval  burying-places. 

During  the  accumulation  of  nearly  aU  the  Silurian  deposits  of 
Britain,  which  were  characterized  by  a  certain  fauna,  the  bottom  of 
the  sea  was,  to  a  wide  extent,  occupied  by  dark  and  grey-coloured 
sediments.  At  the  close  of  that  period  a  great  change  occurred  over 
large  areas  in  the  nature  and  colour  of  the  submarine  detritus.  In 
and  around  the  Silurian  region,  for  example,  the  dark  grey  mud  was 
succeeded  by  red  silt  and  sand;  the  colour  being  chiefly  caused  by 
the  diffiision  of  iron  oxides  in  the  waters'^.  These  physical  changes 
were  accompanied  by  the  disappearance  of  those  tenants  of  the  deep, 
the  records  of  which  we  have  been  tracing,  and  by  the  appearance 
of  other  animals. 

The  gradual  passage  upwards  from  the  highest  strata  of  the  grey  Silu- 
rian rocks  into  such  red  deposits  of  England,  Wales,  and  a  part  of  Soot- 
land,  has  already  been  alluded  tot,  and  illustrated  by  several  diagrams. 

In  the  lower  junction  beds,  as  seen  within  the  Silurian  region,  it  is 
only  by  the  detection  of  certain  Upper  Ludlow  fossils  in  thin  beds  or 
tilestones,  partially  also  of  reddish  colours,  that  the  limit  can  be  defined, 
so  gradual  is  the  mineral  transition  from  the  strata  of  the  one  era  into 
those  of  the  other.  StOl  the  change  is,  on  the  whole,  lithologically 
well-marked  in  that  region,  from  the  underlying  grey  Silurians  to  the 
overlying  red  and  yellow  rocks. 

Gt>od  examples  of  this  succession  are  to  be  seen  near  Ludlow,  and  be- 
tween that  town  and  the  Clee  Hills,  and  thence  all  along  the  eastern 
edge  of  the  Upper  Silurian  rocks  in  Hereford,  Sadnor,  and  Brecon,  as 
well  as  on  the  west  flank  of  the  Malvern  and  May  Hills,  and  around  the 

*  See  some  eKoellent  obflerrstioiis  on  the  influence  of  iron  oxides  on  murine  lift^  1)j 
the  late  Sir  H.  De  la  Beche,  Mem.  Qeol.  Surr.  of  Great  Britain  and  Ireland,  yoL  i.  p.  61. 
t  Pp.  57,  68,  61,  69,  96, 117, 121, 128,  &  149-159. 
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Tallej  of  Woolhope.  But  the  grandeet  ezhibitionB  of  the  Old  Bed 
Sandstone  in  England  and  Wales  appear  in  the  escarpments  of  the  Black 
Mountain  of  Herefordshire,  and  in  those  of  the  loftiest  mountains  x)f 
South  Wales,  the  Pans  of  Brecon  and  Carmarthen ;  the  6ne  2860,  the 
other  2590  feet  above  the  sea.  (See  Map.) 

In  no  other  tract  of  the  world,  yisited  by  me,  haye  I  seen  such  a  mass 
of  red  rocks  (estimated  at  a  thickness  of  not  less  than  10,000  feet)  so 
clearly  intercalated  between  the  Silurian  and  the  Carboniferous  strata. 
Por,  whilst  (as  represented  in  the  higher  of  the  diagrams,  p.  272)  the 
fore  and  middle  grounds  are  occupied  by  Lower  and  Upper  Silurian  rocks, 
described  in  Chapters  8  to  7,  the  lofty,  distant  mountains  are  entirely 
composed  of  Old  Bed  Sandstone.  The  observer  has  only  to  repair  to 
the  southern  slopes  of  those  mountains  beyond  the  line  of  vision  in  the 
sketch,  and  he  will  there  see  the  uppermost  beds  of  the  red  rocks  con- 
formably overlaid  by  the  carboniferous  limestone  of  the  Great  South 
Welsh  coal  basin.  (See  lower  diagram.) 

Ij^  then,  the  upper  or  pictorial  sketch,  which  is  repeated  from  p.  61, 
represents  the  whole  region  from  the  Lower  Silurian  slates  to  the  sum- 
mit of  the  Old  Bed,  the  sectional  diagram,  taken  from  one  of  the  coloured 
sections  of  the  '  Silurian  System,'  indicates  the  copious  succession  of  red 
strata,  which  are  exposed  between  the  Upper  Silurian,  a,  of  the  Treweme 
Hills,  and  the  carboniferous  rocks,  y,  A,  t,  of  the  Great  South  Welsh  coal- 
field near  Abergavenny. 

Consisting  in  its  lower  parts  of  red  and  green  shale  and  flagstone,  5, 
with  some  small  comstones  and  whitish  sandstone,  e,  the  central  and 
largest  portion  of  the  deposit  is  composed  of  spotted  green  and  red  clays 
and  marls,  J,  which  afford,  on  decomposition,  the  soil  of  the  richest  tracts 
of  the  counties  of  Brecknock,  Monmouth,  Hereford,  a  large  portion  of 
Salop  (Shropshire),  and  small  parts  of  Gloucester  and  Worcester.  These 
argillaceous  beds  alternate,  indeed,  with  sandstones,  occasionally  of  great 
thickness.  They  also  contain  ,the  greatest  quantity  of  those  irregular 
courses  of  mottled  red  and  green  earthy  limestones,  termed  'Comstone,' 
and  which,  though  usually  consisting  of  small  concretionary  lumps  only, 
expand  here  and  there  into  large  subcrystalline  masses,  particularly  on  the 
western  face  of  the  Brown  Clee  Hills,  Shropshire.  A  higher  member  of 
the  series  is  composed  of  grey,  red,  chocolate,  and  yellow-coloured,  fine- 
grained, micaceous  sandstones  and  flagstones,  0,  which,  in  certain  tracts, 
are  surmounted  by  pebbly  beds  and  conglomerates,  j^  as  along  the  encir- 
cling, underlying  edge  of  the  Ghreat  South  Welsh  coal  basin.  These 
last-mentioned  rocks  are  as  well  exposed  in  the  lofty  escarpments  of  the 
Fans  of  Carmarthen  and  Brecon  above  alluded  to,  as  in  the  range  of 
hDls  near  Abergavenny  on  the  south  bank  of  the  river  Usk.  Similar 
hard  sandstones  and  conglomerates  constitute,  in  like  manner,  a  sym- 
metrical girdle  around  the  coal  basin  of  the  Porest  of  Dean,  Gloucester^ 
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shire  (see  Map),  where,  and  in  the  gorges  of  the  Wye,  as  well  as  in  thd 
adjacent  and  much  larger  basin  of  South  Wales,  they  are  everywhere 
conformably  oyerbud  by  the  shale  and  limestone  which  in  these  tracts, 
at  least,  compose  the  base  of  the  carboniferous  rocks.  Occasionally,  as 
under  the  carboniferous  escarpments  of  the  Clee  Hills,  Salop,  these  upper 
beds  are  of  yellow  colours.  In  short,  the  aboye  generalized  section  gives 
an  idea  of  the  prevalent  distribution  of  the  strata  within,  and  wrapping 
round,  the  original  Siluria. 

Now,  whilst  in  all  that  region  the  only  organic  remainB  which 
have  been  found  in  this  great  red  and  green  series,  with  the  single 
exception  of  the  crustacean  figured  on  the  next  page,  are  fragments  of 
fossil  fishes  and  a  few  plants.  We  shall  presently  see,  that,  with  mineral 
conditions  to  a  great  extent  similar,  the  widely  spread  Old  Bed  Sand* 
stone  of  Scotland,  which  is  of  equivalent  age,  has  also  yielded  scarcely 
any  other  organic  remains.  This  prevalence  of  fishes  is  in  striking  con- 
trast to  all  that  has  been  said  of  the  great  mass  of  the  contiguous  and 
underljring  Silurian  rocks  of  Britain,  in  which  no  trace  of  a  vertebrated 
creature  has  been  found,  except  in  those  higher  beds  which  usher  in  the 
naturfd  group  under  consideration* 

In  Herefordshire  and  Brecknockshire,  as  well  as  in  Shropshire,  re- 
mains of  ichthyolites  were  formerly  described  as  occurring  chiefly  in 
strata  where  calcareous  matter  is  most  diflbsed ;  fragments  and  scales 
of  fishes  having  been  often  detected  in  the  comstones,  though  the  best 
specimens  have  been  procured  in  the  finely  laminated  flagstones  and 
marls  which  are  in  the  vicinity  of  those  concretions.  The  fishes  of  this 
region,  none  of  which  were  known  to  geologists  before  the  publication 
of  my  larger  work,  belong  to  the  genera  named  by  Agassis — Cepha- 
laspis,  OnchuB,  and  Ptychacanthus ;  and  figures  of  them,  as  taken  finom 
the  'Silurian  System,'  are  repeated  in  Plates  86  &,  37  of  this  work.  To 
these  the  Fteraspis,  formerly  supposed  to  be  a  Cephalaspis  (P.  Lloydii 
and  *P.  rostratus),  figured  in  the  '  Silurian  System,'  have  since  been 
added.    Others  will  be  noticed  in  describing  the  Scottish  Old  Bed. 

The  lowest  Old  Bed  strata  in  which  I  had  personally  observed  the 
remains  of  the  peculiar  fish  Cephalaspis,  when  the  first  edition  of  this 
work  appeared,  are  at  the  western  slope  of  the  Silurian  ridge  of  May 
Hill*.  In  examining  the  cuttings  of  the  Boss  railroad,  near  Flazley, 
my  lamented  friend,  Mr.  H.  E.  Strickland  t,  and  myself  detected  a  frag- 
ment of  that  ichthyolite  in  the  very  bottom  beds  of  the  Old  Bed,  which, 

*  See  SiL  Sysi.  pi.  86.  f.  13.  eattang,  my  eminent  friend,  Mr.  H.  £. 

t  The  passage  of  the  first  edition  of  my  StrickEmd,  had  been  taken  away  from  those 
work  through  the  press  haying  been  de-  sciences  of  which  he  was  so  great  an  oma- 
layed  -until  I  returned  from  a  tour  in  Qer-  ment.  The  correction  of  some  of  these 
many,  I  learned  with  profound  grie^  upon  pages  by  his  hand,  during  my  absence, 
my  arrival,  of  the  lamentable  catastrophe  was  one  of  the  last  memorials  of  a  friend- 
by  whidi,  in  examining  another  railroad  ship  which  I  truly  cherished. 
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containmg  also  certain  land  plants,  there  lie  in  apparent  conformity 
upon  the  uppermost  Ludlow  rocks. 

More  recently,  indeed,  the  sections  near  Ludlow,  particularlj  on  the 
right  bank  of  the  Teme,  hare  afforded  those  firesh  evidences  of  a  trans- 
ition from  the  Upper  Ludlow  into  the  Lower  Old  Sed  which  have  pre- 
viously been  adverted  to  (p.  154),  and  which  render  it  difficult  to  draw 
any  arbitrary  line  (within  a  few  yards  at  least)  for  the  horizon  which  may 
separate  the  two  formations.  Li  Shropshire,  we  find,  in  ascending  from 
the  Tilestones  into  the  marls  and  sandstones  with  concretions  of  argil- 
laceous limestone  (and  the  same  phenomenon  re-occurs  near  Kington  in 
Herefordshire),  that  other  species  of  Fteraspis  occur,  as  well  as  other 
species  of  Cephalaspis,  and  particularly  4;he  C.  Lyellii,  and  thus  we  are 
conducted  at  once  into  the  great  formation  which,  in  parts  of  Scotland, 
also  contains  the  same  species. 

In  the  red  ground  two  miles  north  of  Bewdley,  near  Trimpley,  in 
Worcestershire,  greyish-coloured  sandy  grits  and  comstones  rise  out 
in  undulations, — ^the  comstones  charged  with  the  Cephalaspis  Lyellii, 
Fteraspis  Lloydii,  and  the  underlying  grits  with  F.  Banksii,  Fterygotus 
gigas,  and  eggs  of  this  crustacean  P  (Parka  decipiens),  &c.,  with  many 
remains  of  plants,  including  the  small  Lycopodiaceous  sporangia. 

An  important  addition  has  recently  been  made  to  the  fiskuna  of  the 
Old  Sed  Sandstone  of  England  by  the  discovery  of  a  Eurypterus  at 
Bowlestone  in  Herefordshire,  in  the  lowest  portion  of  those  sandstones 

Fossils  (68).    CBXivrJLCEAS  raoM  thb  Old  Bid  of  Hbbetobdshibb. 


Euryptenu  Symondni,  Stlter ; 


Hereforddiire. 


Tlie  eephalk  tliield  of  a  avm- 


from  Rowl<»ton«,  S.  of  the  H»y.         1  I^S    If  |^  If         ^^  '^  to  Pt^ygotu..    Tht 


■pedes  is  remarkftble  for  its  deep 


of  the  Black  Mountain,  near  Hay,  which  overlie  the  comstones,  d,  of  the 
previous  general  section.  This  unique  fossil,  Foss.  68,  was  first  brought 
into  notice  by  my  accomplished  friend  the  Bev.  W.  S.  Symonds*,  the  spe- 
cimen having  been  found  by  the  Eev.  W.  Wenman.  In  the  higher  por- 
^  tion  of  this  series,  near  Crickhowell,  I  formerly  found  the  scale  of  a  large 

fish  (Sil.  Syst.  p.  172),  since  ascertained  to  belong  to  Holoptychius. 

Lastly,  and  even  whilst  I  write,  a  new  species  of  the  remarkable 
genus  Fterichthys,  Ag.,  so  characteristic  of  the  Old  Bod  of  Scotland, 
has  been  discovered  at  Farlow,  in  Shropshire,  in  a  yellow-coloured 
sandstone,  which  there  occupies  the  highest  portion  of  the  formation, 

•  See  Edin.  New  Phil.  Joum.,  new  ser.,  toL  yi.  Oct.  1867. 
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rifliiig  out  from  beneath  the  shale  of  the  carboniferoiui  limestone  of  the 
Titterstone  Clee  Hill,  and  graduating  down  into  the  mass  of  the  red 
sandstone  and  subjacent  comstones.  This  species  will  be  described 
bj  Sir  Philip  Egerton ;  and  in  the  meantime  it  is  well  to  remark,  that 
whilst  one  form  of  the  genus,  which  was  first  detected  bj  Hugh  Miller, 
lies  in  one  of  the  lower  beds  of  Cromarty,  another  species  occurs  plenti- 
fully aj;  Dura  Den  in  Fifeshire,  where  it  is  also  in  a  yellow  sandstone 
which  has  always  been  classed  as  the  upper  member  of  the  group. 

When  we  follow  this  series  of  red  beds  from  Shropshire  and  Hereford- 
shire through  Brecknockshire  and  Carmarthenshire  into  Pembrokeshire, 
considerable  lithological  changes  are  seen  to  occur.  Though  the  pre- 
vailing colour  in  the  last-mentioned  county  is  still  red  (the  '  red  rab '  of 
Pembroke),  some  portions  of  the  rocks  consist  of  dull  green  and  brown 
flags  or  sandstones,  and  others  of  hard  grey  grits,  which  even  resemble 
certain  inferior  Silurian  deposits ;  whilst  true  comstone  or  limestone 
is  rare,  as  are  the  traces  of  fossil  fishes.  Yet,  the  strata  in  question,  to 
whatever  extent  attenuated  in  some  tracts  or  placed  unconformably  in 
others  on  the  Silurian  rocks,  occupy  the  same  geological  horizon  as  in 
the  tracts  of  England  and  Wales  previously  mentioned,  and  lie  clearly 
between  the  Silurian  and  carboniferous  rocks*.  In  fact,  few  better 
sections  of  the  Old  Sed  Sandstone  of  Britain,  in  relation  to  the  rocks 
beneath  and  above  it,  can  be  offered  than  are  exposed  around  the  mag- 
nificent land-locked  bay  of  Milford  Haven.  (See  Map.) 

We  shall  presently  show  the  order  of  succession  in  rocks  of  the  same 
age  under  a  different  and  more  slaty  aspect  on  the  south  side  of  the 
Bristol  Channel  in  Devonshire,  and  indicate  that,  with  a  considerable 
change  in  their  composition  and  a  great  increase  in  calcareous  matter, 
the  strata  there  contain  many  mollusks  and  marine  animals  unknown  in 
the  Silurian  region,  and  equally  distinct  from  carboniferous  species. 

Let  us,  however,  previously  consider  the  nature  of  the  Old  Bed  Sand- 
stone of  Scotland,  where,  preserving  much  of  the  same  mineral  character 
as  in  the  parts  of  England  just  mentioned,  the  group,  as  seen  in  the 
N.E.  Highlands,  is  more  grandly  displayed  than  in  any  other  part  of 
northern  Europe. 

Old  Bed  Sandstone  of  Scotland, — Dwindling  away  from  its  copious 
development  in  Brecon,  Hereford,  and  Salop,  the  Old  Bed  Sandstone  of 
the  North  of  England  is,  as  before  stated,  little  more  than  a  single  band 
of  coarse  conglomerate — a  small  skirting  mass  merely  between  the  Silu- 
rian and  carboniferous  deposits  of  the  Lake  region  of  Cumberland.  This 
single  member  of  a  series  so  copious  elsewhere,  there  reposes  on  the 
truncated  edges  of  the  older  slaty  rocks. 

*  The  yellowiflh  sandfltones  which,  in  hase  of  the  oarhoniferous  rocks, — t .  e.  they 
Pembrokeshire,  form  the  Bummit  of  this  are  beds  of  transition  in  which  lower  car- 
group,  may  at  least  in  part  be  classed  as  the    boniferous  fossils  have  been  detected. 

t2 
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In  the  South  of  Scotland,  where  the  Lower  Silurian  strata  are  so  fully 
developed,  the  uppermost  Silurian  or  Ludlow  rocks  have  as  yet  been  dis- 
coTered  in  one  tract  only,  and  there  the  same  conformity  of  succession 
is  obseryed  between  the  dark  Silurian  schists,  h,  and  the  orerlying  red 
shale,  (7,  of  the  diagram  in  p.  177.  But  although  the  discoyery  in 
Lanarkshire  seems  to  connect  the  Silurian  series  with  the  next  superior 
formation,  it  is  to  be  noted  that  the  Lower  Old  Bed  Sandstone  of  that 
tract  is  comparatirely  of  small  dimensions,  and  has  not  jet  afforded  any 
characteristic  organic  remains.  Again,  whilst  the  formation  in  Lanark- 
shire lies  between  Upper  Silurian  rocks  and  the  bottom  of  the  carbo- 
niferous strata,  and  therefore  is  in  true  order  of  position,  the  ascending 
series  towards  the  carboniferous  rocks  which  are  there  so  admirably 
exposed,  is  broken  off,  as  seen  in  the  diagram,  p.  177.  In  other  words, 
all  the  great  masses  of  rock  which  constitute  the  central  and  superior 
members  of  the  group  in  the  N.E.  of  Scotland,  are  there  omitted. 
Powerful  masses  of  porphyry  are  protruded,  and  the  upward  sequence 
from  the  Old  Sed  conglomerate  is  entirely  omitted. 

Indications  of  the  presence  of  the  uppermost  member  of  the  Silurian 
rocks  also  exist  in  Forfarshire,  and  particularly  on  the  flanks  of  the 
Sidlaw  Hills,  where  the  grey  paving-stones  of  Arbroath  repose  upon 
day-slate,  and  contain  the  crustacean  Pterygotus  Anglicua,  which  ap- 
pears to  be  identical  with  that  of  Shropslnre*  (see  Chap.  10.  p.  264). 
The  following  general  section  over  a  part  of  that  region,  as  given  by 


S.W. 


SionoK  AOBOSS  THB  Old  Bbd  ov  Fobvasshibb. 

Sidlaw  tUOM.  Stmthuan. 


NJ). 


a.  CU^-Blate.  5.  Ghrey  paving^Btone  and  tileatone,  with  ffreen  and  reddiBh  shale,  con- 
taining Pterygfotns  and  Parka  deoipienaf.  c.  Bed  oonglomerate.  <I.  Bed  sandatone, 
with  ichthyohtes,  Ac    g.  Bed  shale  or  marl,  nnoonformahle  to  the  lower  rocks. 

Sir  0.  Lyell  in  his  'Manual  of  Geology,'  is  to  me  indicative  that  the 
cky-slate,  u,  which  underlies  the  Old  Bed,  may  possibly  also  belong  to 
the  Upper  Silurian  rocks. 
It  is  further  to  be  inferred,  that  whether  we  group  the  grey  paving- 


*  Qnart.  Joum.  Geol.  Soc  toL  vii. 
p.  169. 

t  My  valued  friend,  the  late  Be^.  John 
Fleming,  B.D.,  who  wrote  original  Papers 
on  the  organic  remains  of  the  Old  Bed 
Sandstone,  first  assured  me,  that  a  fruit- 
like  hody  found  in  Fifeshire  and  in  the 
Arbroath  paving-stones  of  For&rshire,  was 
unquestionably  a  vegetable,  and  could  not 
be  classed  as  the  egg  of  a  moUusk,  as  sug- 
gested by  Lyell,  or  as  the  egg  of  a  batra- 


chian,  as  more  reoentlv  proposed  by  Man- 
tell.  The  figure  which  Dr.  Fleming  gare 
in  the  year  1831,  Edin.  Journal  of  Nat. 
Science,  toL  iii.  pi.  2.  f.  5,  certainly  fayoured 
the  opinion  that  it  was  an  aggregate  fruit. 
Since  then  he  examined  bo^  Uie  upper 
and  under  surfaces,  and  quite  satisfied 
himself  that  it  is  a  receptacle,  and  that 
the  round  coTerinff  bodies  are  carpels  or 
fruits.  It  is  .now  known  to  be  the  Parka 
decipiens. 
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stone  of  Arbroath,  h,  of  the  section,  with  the  Ludlow  rooks  or  with  the 
Old  Sed,  to  which  it  has  hitherto  been  attached,  it  clearly  occupies  the 
place  of  the  TUestones  of  the  Silurian  region,  and  contains,  like  them, 
large  Fterygoti  and  the  Parka  decipiens.  The  CephalaBpis  beds  which 
immediately  succeed  will  be  spoken  of  in  the  sequel. 

Typical  Eeffion  of  the  Old  Bed  Sandstone, — It  has  already  been  shown, 
that  in  one  part  of  the  South  of  Scotland  the  uppermost  Silurian  rock, 
with  its  fossils,  is  overlaid  conformably  by  red  shale  and  sandstone 
(p.  177)  *.  Such  Upper  Silurian  basis  is,  however,  wanting  in  the  North- 
em  Highlands,  and  the  reason  is  obvious.  We  now  know  that  rocks  of 
Lower  Silurian  age,  associated  with,  and  reposing  on,  old  conglomerates, 
have  there  been  metamorphosed  into  a  crystalline  state,  and  that  a  great 
change  of  the  crust  took  place  in  the  former  outline  of  land  and  sea,  in 
consequence  of  which,  as  we  have  every  reason  to  think,  no  Upper  Silu- 
rian sediment  was  ever  accumulated. 

To  elimioate,  however,  with  precision  the  extent  to  which  those  cry- 
stalline Highland  rocks,  whether  quartzose,  gneissose,  micaceous,  or 
chloritic,  with  subordinate  limestones,  may  represent  various  Silurian 
subformations,  must  still  be  a  work  of  long  labour.  In  the  meantime 
it  is  clear,  that,  ranging  south-west  from  Sutherlandshire  into  Boss- 
shire,  they  constitute  in  Loch  Alsh  and  Kintail  that  lofty  and  steep 
watershed  so  near  to  the  west  coast  of  the  Highlands,  the  strata  of 
which,  dipping  rapidly  to  the  E.S.E.,  are,  after  numerous  undulations, 
transgressivdy  surmounted  by  the  lower  member  of  the  Old  Bed  Sand- 
stone of  the  eastern  counties  (see  long  section,  p.  199). 

Wherever  these  two  great  systems  of  metamorphosed  Lower  Silurian 
rocks  and  the  overlying  Old  Bed  Sandstone  are  in  contact,  the  direction 
of  the  one  is  completely  discordant  to  that  of  the  other. 

Thus,  whether  the  older  system  be  viewed  in  the  western  part  of 
Sutherland  and  Boss,  where  limestones  are  intercalated  in  quartzites,  or 
in  the  eastern  tracts  of  those  counties,  where  gneissose  and  micaceous 
schists  prevail,  the  strike  which  is  most  frequent  is  seen  to  be  from 
N,N.E.  to  8,8.W,,  the  dominant  dip  being  to  the  E.S.E.  The  Old  Bed 
conglomerate  of  the  east  coast  is,  on  the  contrary,  thrown  off  the  pro- 
montories of  the  older  system  in  devious  directions,  the  prevailing  dip 
in  Caithness  berug  to  the  N.  of  E.,  and  even  N.N.E.,  in  the  northern  part 
of  Boas-shire  to  the  S.S.E.,  and  on  the  south  side  of  the  Murray  IVith 
again  to  the  N.N.E.  A  complete  unconformity  is,  in  short,  everywhere 
observable,  independent  of  the  fact,  that  the  younger  deposit  is  literally 
made  up  of  the  debris  of  whatever  portion  of  the  older  on  which  it 
happens  to  rest.  In  this  way  we  observe,  that  the  conglomerate  of  one 
spot  is  chiefly  made  up  of  quartz  rock  ;  in  another,  of  mica-schist ;  in  a 

•  See  also  Quart.  Joum.  (3teo\.  Soc.  vol.  tu.  p.  168 ;  vol.  viii  p.  386. 
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third,  of  gneiss  ;  in  a  fourtH,  of  granite ;  and  occasionally  of  all  these 
and  other  varieties  of  the  older  system  mixed  together. 

Then,  again,  nothing  can  be  more  dissimilar  than  the  physical  outline 
of  these  two  rock-systems.  Whilst  the  quartzo-micaceous,  crystalline 
rocks  resemble  in  outward  form  a  tumultuous  sea,  the  obseryer  who 
stands  on  the  conglomerate  which  lies  on  their  eastern  edges  sees  beneath 
him,  to  the  east,  the  highly  contrasting  outline  of  soft  undulations,  which 
in  the  low  countries  of  Caithness,  Easter  Boss,  Inyemess,  Nairn,  and 
Elgin,  die  away  gradually  to  the  sea-board.  So  strong  is  this  contrast, 
that  the  geographer  unacquainted  with  geological  science  w.ovld  at  once 
say,  that  these  two  rock-systems  belonged  to  very  different  epochs  in  the 
history  of  the  earth's  crust. 

In  no  tract  of  Britain,  indeed,  is  there  so  clear  a  succession  of  the 
whole  group  of  the  Old  Bed  Sandstone,  properly  so  called,  as  that  which 
is  exposed  on  the  north-eastern  shores  of  Scotland.  This  order  is  espe- 
cially well  seen,  afber  the  observer,  who  has  made  himself  well  acquainted 
with  the  copious  lower  conglomerates  and  sandstones  which  fringe  the 
crystalline  rocks  of  Elgin,  Nairn,  Inverness,  and  Boss-shire,  passes 
through  Sutherland,  into  Caithness  and  the  Orkney  Islands.  This  last 
is  the  region  selected  thirty  years  ago  by  Professor  Sedgwick  and  my« 
self*  as  affording  what  we  then  conceived  to  be  the  clearest  example  of 
the  extended  features  of  that  great  group  of  the  British  series,  with 
which  we  long  afterwards  compared,  as  an  equivalent  in  tiMe,  the  slaty 
rocks,  schists,  sandstones,  and  limestones  of  Devonshire.  (See  pp.  292, 
&c.)  Having  revisited  the  north-east  coast  of  Scotland  since  the  first 
edition  of  this  work  was  published,  and  having  been  confirmed  in  my 
former  views  concerning  the  general  physical  succession  of  the  masses, 
a  brief  sketch  of  the  leading  phenomena  is  now  given.  This  rSsum^  is 
the  more  called  for,  as  geologists  who  have  never  examined  this  eastern 
region,  and  have  been  disposed  to  consider  the  Old  Bed  Sandstone  as  a 
kind  of  local  formation  only,  have  been  unwilling  to  consider  it  to  be 
the  full  equivalent  in  time  of  the  Devonian  rocks  of  other  countries. 

The  massive  conglomerates  and  intercalated  red  sandstones  of  the 
north-east  coast,  which  occupy  a  great  thickness  of  strata  in  Easter 
Boss,  Cromarty,  the  Black  Isle,  and  adjacent  parts  of  Inverness-shire,  and 
which,  flanking  the  Oolitic  tracts  of  Dunrobin  and  Brora,  range  north- 
wards into  Sutherlandshire,  are  very  distinct  in  mineral  character  and 
relations  to  the  ancient  conglomerates  and  grits  of  the  west  coast. 
Whilst  the  latter  (Cambrian)  underlie  all  those  quartz  rocks  and  lime- 
stones which  are  now  known  to  be  of  Lower  SDurian  age,  the  great  pebble 
and  boulder  beds  of  the  east  coast  and  its  inland  recesses  never  assume 
the  subcrystalline  character  of  some  of  the  western  masses.    On  the  con- 

•  Trans.  Geol.  Soc.  Lond.,  2nd  ser.,  vol.  iii.  p.  125,  with  map  of  the  Highlands,  sec- 
tions, and  some  6gures*of  the  Caithness  fishes. 
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tnuy,  they  oyerlap  all  such  rocks,  and,  often  containiiig  gigantic  boulders, 
graduate  into,  and  alternate  with,  masses  of  grit  and  sandstones  as  sec- 
tile  and  as  well  fitted  for  building  purposes  as  many  freestones  in  'the 
British  Isles.  The  red  sandstone  associated  with  the  conglomerate 
assumes,  indeed,  at  places  so  variegated  a  character,  with  green  spots 
and  stHpes,  or  earthy  concretions,  that,  in  early  days,  Gherman  geolo- 
gists, unacquainted  with  the  exact  relations  of  the  deposit,  and  judging 
from  mineral  characters  only,  would  have  referred  such  rocks  to  the 
'  Bunter  Sandstein.' 

The  reader  who  desires  to  become  better  acquainted  with  the  different 
varieties  of  such  conglomerates  ^nd  sandstones  may  peruse  the  descrip- 
tions given  of  them  by  Jameson,  Bou6,  and  the  earlier  writers,  as  well 
as  by  M'Culloch,  Sedgwick,  and  myself. 

Among  the  various  authors  who  have  described  them,  the  lamented 
Hugh  Miller  stands  pre-eminent.  Bom  upon  the  Old  Bed  Sandstone 
of  Cromarty*,  he  has  shed  a  bright  lustre  over  this  deposit  of  his  native 
tract,  and  has  expounded  with  a  surprising  sagacity  the  wonderful 
organization  of  many  of  its  fossil  fishes,  and  thrown  the  dear  light  of 
zoology  upon  these  old  pages  of  geological  history. 

The  term  Old  Bed  Sandstone  having  thus  been  rendered  classical,  the 
name  may  well  be  retained  as  a  synonym  for  the  great  group,  of  inter- 
mediate age  between  the  Silurian  rocks  beneath  and  the  Carboniferous 
formation  above  it,  which,  in  those  countries  where  it  assumes  more  slaty, 
calcareous,  and  schistose  chiuracters,  is  termed  *  Devonian.' 

Among  the  older  crystalline  rocks  which,  rolling  over  frt)m  the  west, 
constitute  the  masses  out  of  which  the  red  sandstone  and  conglomerate 
of  the  east  coast  have  been  formed,  mica-schists  prevail  in  Easter  Boss; 
whilst  in  proceeding  northwards  into  Sutherland,  particularly  in  the 
Scarabin  Hills,  quartz  rocks  predominate.  Now,  the  quartzites  of  these 
mountains  present  just  the  same  bedding,  and  alternate  with  schists  as 
in  the  western  parts  of  the  country,  where  the  Lower  SQurian  fossils 
have  been  discovered.  Thus,  in  descending  from  the  Scarabins  towards 
the  sea,  we  meet  with  a  regular  succession  of  crystalline  or  subcrystal- 
line,  light-coloured,  thin-bedded  quartz  rocks  with  argillaceous  way- 
boards,  and  presenting  all  the  aspect  of  a  sedimentary  origin,  which, 
rising  at  high  angles  to  the  summits,  are  followed  on  their  eastern  flanks 
by  other  siUceous  courses,  some  micaceous,  and  of  various  colours  from 

•  See  Hugh  Miller's  remarkable  work,  where,  as  in  the  adjoining  property  of  Bed 

•The  Old  Bed  Sandstone,*  in  the  dedication  Caatle,  varieties  of  the  building-stone  have 

of  which  to  myself,  he  alludes  to  our  both  been  long  quarried.  Ross-shire  now  aflfords, 

being  bom  upon  the  Old  Bed  Sandstone,  indeed,  so  many  quarries  of  building-stone, 

In    physical    geography,   Cromarty,   the  whether  light  or  dark  red,  and  sometimes 

bffth-place  of  Miller,  forms  a  part  of  the  ribboned  or  spotted,  that  in  proceeding 

peninsula  of  Boss-shire  known  as  the  Mull-  from    Inverness    to   Sutherlandshire    by 

Buy,  or  the  Black  Isle,  in  which  my  pa-  Dingwall  and  Tain,  the  traveller  has  amnle 

tenial  estate  of  Taradale  is  situated,  and  evidence  of  the  varied  nature  of  the  rook.  . 
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fdull  purple-brown  to  grey.    At  certain  spots 
these  quartzose  rocks  are  broken  up  and  pene- 

J'  trated  by  granite.  It  is  upon  the  edges  of  these 

'g  rocks,  as  ranging  from  the  Ord  of  Caithness 

^  by  the  Scarabins  to  the  Morvein  Hill,  that 

1  the  base  of  the  Old  Bed  series  of  Caithness 

S  rests,  the  conglomerates  composing  the  last- 

'J^  mentioned  of  these   mountains  occasionally 

g  ;§  rising  along  this  fringe  only,  as  Hugh  Miller 

J  I  has  weU  remarked,  to  higher  altitudes  than 

J  I  the  older  cryitalline  rocks. 

S 1  Let  us  now  consider  the  overlying  series  in 

^j^  a  true  ascending  order  by  proceeding  from 

^  I  the  inferior  red  sandstones  and  conglomerates 

J  i  through  the  central  masses  of  dark  grey  ^Ag- 

J>^  stones  and  schists  to  the  higher  sandstones 

^  «;<  which  stand  out  in  the  northern  headlands  of 

•^  ^  Caithness  and  the  Orkney  Islands.     The  ac- 

.I'l  companying  diagram  indicates  this  succession 

I^O  in  a  general  and  compendious  manner,  the 

i      I       I        S  >^  many  detailed  flexures  and  breaks  in  the  strata 

J      I       ■       J  being  omitted. 

I  It  would  be  superfluous  to  describe  the 

f^'9  coimtless  examples  of  splendid  and  massive 

S              S       S^  conglomerates   and    sandstones,    particularly 

T  5  those  of  Easter  Boss,  which,  reposing  on  the 

£  §,  crystalline  rocks,  are  seen  to  constitute  the 

^  U  base  of  this  series.    Bemarkable  exhibitions  of 

.  «  such  rocks  may  be  seen  in  ascending  the  Orron 

I  d  and  Connan  rivers;  and  they  range  thence 

tg  eastwards  all  along  the  southern  flanks  of  Ben 

J  Wyvis  and  its  associated  mountains,  and  tra- 

^  I  versing  the  Kyles  of  Dornoch,  extend  through 

.o'  ^  the  eastern  parts  of  Sutherland  into  Caithness. 

i^  Though  in  many  of  these  localities,  particu- 
larly in  Boss-shire,  these  conglomerates  are  of 
vastly  greater  dimensions  than  in  their  exten- 

^  sion  into  Caithness,  there  is  no  tract  in  which 

^  their  relation  to  the  overlying  richly  fossili- 

^  ferouB  deposits  is  so  well  seen,  and  hence  the 

:S  section  selected  as  a  type  is  that  which  pro- 
ceeds from  the  maritime  promontory  cidled 

"^  the  Ord  of  Caithness,  where  granite  has  been 
powerfully  intruded  among  the  older  rocks.     There,  and  in  the  recesses 
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extending  south-westward  firom  Braemore  along  the  edges  of  the  quartz 
rocks  of  the  Scarabin  Hills,  are  exposed  fine  masses  of  conglomerate  and 
sandstone  dipping  north-eastwards  at  a  low  angle.  The  same  conglo- 
merates form,  in  fact,  the  inland  girdle  of  Caithness,  rising  up  on  the 
west  from  beneath  the  great  flagstones  of  that  low,  undulating  country, 
and  separating  those  strata,  so  replete  with  fossQ  fishes,  from  the  above- 
mentioned  crystalline  rocks. 

Let  the  geologist  proceed  northwards  from  the  edge  of  the  ciystalline 
rocks,  and  he  will  clearly  see,  first,  that  the  lowest  strata  of  conglo- 
merate and  red  sandstone,  as  made  up  of  the  crystalline  rocks,  alter- 
nate with,  and  pass  into,  deep-colour^  thin-bedded  red  sandstones,  as  in 
the  Old  Man  of  the  Ord,  which  constitute  the  natural  and  conformable 
base  of  the  flagstone  series  of  Caithness. 

In  order  to  convey  to  the  reader  some  notion  of  the  natural  features 
of  the  lower  portion  only  of  this  fine  succession,  a  small  sketch  is  an- 
nexed, as  taken  from  the  footpath  on  the  northern  side  of  the  Ord,  at 
a  spot  called  Bad  Bae. 


View  ov  thb  Old  Bed  Succession,  vrou  nbab  the  Obd  of  Cajtbhtbsb. 

The  foreground  is  made  up  of  the  rude  conglomerate,  a  of  the  opposite 
section,  here  chiefly  composed  of  huge  blocks  of  granite,  the  nearest  rock, 
and  of  which  the  hut  is  built ;  though  other  smaller  materials  are  of 
quartz  rock  and  mica-schist.  This  bottom  rock  of  the  series  is  followed 
by  deep  red  sandstones,  which  occupy  the  next  headland  known  as  the 
Man  of  the  Ord,  h  of  the  diagram ;  whilst  all  these  strata,  inclining  to 
the  north,  pass  in  their  true  order  beneath  the  flagstones  of  Caithness, 
which  occupy  the  distant  low  headlands  (<?,  d,  of  the  long  section,  p.  280). 


y 
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It  would  be  a  difficult  taak  to  endeavour  to  aseign  an  average  thickness 
to  the  accumulations  of  sandstone  and  conglomerate  (the  sandy  beds 
being  sometimes  the  lowest)  that  constitute  the  inferior  member  of  this 
group ;  since  it  is  in  the  very  nature  of  pebbly  accumulations  which  were 
formed  either  on  coasts  or  in  bays  washed  by  the  waves  of  a  former  sea 
to  present  the  most  variable  dimensions.  Independently  of  the  conglo- 
merates, and  the  occasionally  interlaminated  sandstones,  often  very  finely 
laminated,  these  deposits  must  have  occupied  a  long  lapse  of  time  in 
their  accumulation. 

The  red  sandstone  of  this  lower  zone,  assuming  gradually  a  flag-like 
character,  and  becoming  of  a  purplish  tint,  passes  up  by  other  beds,  ir, 
into  those  grey-coloured  flagstones  which,  forming  the  large  portion  of 
the  county  of  Caithness,  are  so  well  known  to  geologists  through  their 
imbedded  fossil  remains,  as  described  by  Agassiz  and  Hugh  Miller.  From 
the  environs  of  Lybster,  where  the  strata  (d  of  diagram)  begin  to  con- 
tain fossil  fishes,  these  flagstones  present  a  general  uniformity  in  their 
lithological  characters ;  and,  though  here  and  there  so  calcareous  as  to 
have  been  in  parts  formerly  burnt  for  lime,  they  are,  on  the  whole,  to 
be  regarded  as  a  great  series  of  hard,  argillo-siliceous  beds  of  great 
tenacity,  in  which,  since  the  days  when  I  first  described  them  (1826), 
large  and  valuable  quarries  have  been  opened  out. 

The  real  study  of  these  flagstones  from  their  lowest  members  near 
Dunbeath  to  their  central  parts  at  Wick,  and  thence  to  their  highest 
strata  on  the  shores  of  the  Pentland  Frith,  where  they  pass  up  into,  and 
are  covered  by,  the  red  sandstones  of  Dunnet  Head,  is  to  be  made  in  the 
precipitous  coast  cliffs,  which,  abraded  by  the  surges  of  the  ocean,  ex- 
hibit many  remarkable  small  bays  and  headlands,  on  the  sides  of  which 
the  hard  flagstones  present  their  rough  and  jagged  edges*.  The  thickest 
beds,  when  quarried  for  building  purposes,  near  Wick,  are  from  14  to  15 
inches  thick,  and  occasionally  furnish  blocks  of  20  feet  in  length,  which 
are  of  great  tenacity  and  durability.  In  some  of  the  calcareous  courses 
Mr.  C.  Peach  has  recently  discovered  that  the  fragments  of  fossil  fishes 
have  in  certain  spots  been  ground  down  to  a  powder,  which  constitutes 
a  large  portion  of  the  matrix  of  the  rock. 

Many  of  the  beds  are  so  bituminous,  owing  to  the  quantity  of  animal 
matter  they  contain,  that  even  when  described  in  1827  they  were  termed 
by  myself  the  bituminous  schists  of  Caithness ;  bitumen  being  seen  to 
exude  naturally  from  them  t-  Having  recently  obtained  specimens  from 
near  Barrogill  Castle,  as  collected  by  Mr.  Peach,  I  submitted  them  to 

*  Kot  haying  peraonallj  examined  all  to  the  S.  and  to  the  N.,  thus  passing  on 
the  coast  between  Wick  and  Latheron  either  side  under  the  fish-bearing  flag- 
Wheel,  I  requested  Bir.  C.  Peach  to  do  so,  stones.  These  features  are  not  represent^ 
and  he  has  detected  the  existence  of  an  in  the  general  section,  p.  280. 
axis  at  Sarclet,  by  which  conglomerates  f  See  Trans.  G^l.  Soo.  Lond.,  2nd  ser., 
are  again  brought  up,  and  are  thrown  off  vol.  ii.  p.  814. 
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the  analysia  of  Dr.  Hohnaan,  who,  according  to  the  report  given  in  the 
Appendix,  attaches  considerable  value  to  this  mineral  if  it  be  obtainable 
in  sufficient  masses.  Now,  as  it  has  been  found  profitable  to  distil 
'  stone-oil,'  or  petroleum*,  from  beds  of  secondary  age  charged  with 
fossil  fishes,  in  high  recesses  of  the  Alps,  we  may  certainly  infer  that 
these  paleozoic  strata  lying  so  near  the  sea  may  yield  so  much  bitumen, 
that,  combined  with  the  largely  increasing  demand  for  its  valuable  flag- 
stones, the  hard  and  arid  coast  of  Caithness  may  become  a  well-peopled 
and  industrial  tract. 

Besides  fossil  fishes,  the  Caithness  flagstones  contain  numerous  fossil 
plants,  and  both  these  classes  of  organic  remains  will  presently  be 
treated  off. 

Continuing  to  trace  the  ascending  order  of  the  Old  !E&ed  Sandstone 
series  of  Caithness  into  the  Orkney  Islands,  it  is  to  be  noted,  that  the 
flagstones,  usually  of  a  dark  grey  colour,  but  here  and  there  of  purplish 
tint,  graduate  upwards  into  those  higher  light  red  sandstones  and  grits 
which,  constituting  the  northernmost  point  of  the  mainland,  Dunnet 
Head,  are  again  seen  in  many  parts  of  the  Orkney  and  Shetland  Islands, 
where  they  occupy  a  similar  relative  position.  These  upper  sandstones 
(cy  p.  280),  into  which  there  is  a  perfect  transition  from  the  harder  flag- 
stones, might  in  hand  specimens  be  often  mistaken  for  some  of  the  beds 
which  underlie  the  Caithness  flags,  both  in  coloiir  and  composition.  In 
these  sandstones  land  plants  also  prevail,  particularly  in  the  Shetland 
Isles ;  and  according  to  Dr.  Hooker  they  are  referable  to  Calamites, 
generically  resembling,  but  of  species  diflering  from,  the  forms  known 
in  the  Carboniferous  rocks  t. 

Whilst  the  upper  member  of  the  group  is  clearly  exhibited  in  Dunnet 
Head,  Hoy  Head,  and  many  parts  of  the  Orkney  and  Shetland  Islands, 
it  is  also  seen  to  the  south  as  forming  the  headland  of  Tarbet  Ness, 
north  of  Cromarty,  and  the  Burg  Head  on  the  south  side  of  the  Murray 
Frith,  where  it  is  the  matrix  in  which  the  oldest  known  reptile  has  been 
found,  and  of  which  a  fig^ure  will  presently  be  given. 

Seeing  that  there  is  no  sign  in  this  northern  region  of  a  further 
passage  upwards  into  any  strata  which  can  be  classed  as  carboniferous, 
the  triple  subdivision  of  the  Old  !E&ed  Sandstone  for  which  I  have  long 

*  See  my  paper  on  the  Bitommous  Tu&ell;  and  when,  at  his  request,  I  pre- 

Schists  of  Seefeid ;  Proc.  Geol.  Soc.  Lond.  sented  them  to  the  Geological  Sodety,  I 

ToL  L  p.  39.  confirmed  my  own  riews  of  their  position, 

t  The  most  extensive  quarries  are  situ-  not  only  by  reference  to  the  work  of  Dr. 

ateid  a  few  miles  east  of  Thurso,  as  opened  Hibbert,  but  by  consulting  Dr.  Traill  and 

out  upon  a  very  large  scale  by  Mr.  Traill,  the  Bey.  Dr.  J.  Fleming,  both  of  whom 

of  Castle  Hill.     The  flagstones  are  ooca-  had  yisited  Shetland,  and  were  weU  ac- 

sionaUy  of  gigantic  dimensions,  and  often  quainted  with  ita  rocks.    The  latter  had 

present  casts  of  plants   upon  their  sur-  observed  plants  many  years  ago  in  the 

face.  sandstones  of  the  Shetland  Isles.     (See 

X  The  plants  in  question  were  brought  Quart.Joum.GeoLSoc.  Lond.vol.ix.p.49; 

from  Lerwick  by  the  late  Bight  Hon.  H.  and  further  on,  p.  292.) 
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contended,  is  still  adhered  to.  The  equivalents' of  this  great  series  will 
be  afterwards  noted  in  other  parts  of  the  world,  where,  with  Tarjing 
physical  conditions,  strata  occupying  the  same  place  in  the  general 
series  of  deposits  are  found  to  contain  the  moUusca  of  Devonshire  com- 
mingled with  the  ichthyolites  of  Scotland. 

The  same  general  succession  as  that  of  Caithness  and  the  Orkneys  is 
exhibited  on  a  small  scale  between  Cromarty  and  Tarbet  Ness,  and  again 
in  larger  dimensions  on  the  south  side  of  the  Murray  Erith,  along  the 
seaward  boundaries  of  the  counties  of  Inverness,  Nairn,  Moray,  and 
Elgin*. 

The  extent  to  which  the  variation  of  the  lithological  characters  of  the 
deposits  in  their  range  southwards  has  affected  the  distribution  of  the 
organic  remains  is  explained  in  the  sequeL 

Animal  Bemains  of  the  Old  Bed  Sandstone. — ^When  Agassiz  completed 
his  remarkable  analysis  and  history  of  the  fossil  fishes  of  this  deposit, 
the  number  of  species  enumerated  from  Britain  alone  amounted  to 
sixty-five ;  and  this  number  has  since  been  augmented.  Beferring  the 
student  to  that  monograph,  as  well  as  to  the  fervid  writings  of  Hugh 
Miller,  let  us  now,  in  mentioning  some  of  the  principal  types,  endeavour 
to  determine  the  order  in  which  these  ichthyolites  appear  geologically, 
or  in  the  successive  layers  of  this  group  of  rocks. 

It  has  been  shown  (p.  158  et  seq,),  that  along  the  frontier  of  the  Silu- 
rian rocks  in  Shropshire  and  Herefordshire,  where  a  true  mineral  trans- 
ition is  seen  to  take  place  between  the  Upper  Ludlow  rock  and  the  base 
of  the  Old  Bed  Sandstone,  there  is  also  a  gradual  passage  from  the  fossil 
fishes  of  the  one  to  those  of  the  other.  Thus,  even  beneath  the  lowest 
of  the  bone-beds  of  the  Upper  Ludlow  rock,  we  have  the  Pteraspis,  and 
again  in  the  bone-bed  the  Plectrodus  mirabilis  and  Onchus  Murchisoni 
associated  with  Pterygoti  and  also  with  many  shells  known  in  the  inferior 
layers.  In  ascending  to  a  higher  stratum  most  of  those  moUusks  disap- 
pear ;  and,  although  the  same  Onchus  is  still  found,  we  first  meet  with 
two  species  of  the  genus  Cephalaspis  added  to  the  Pteraspis  in  those 
strata  which  begin  to  assume  the  lithological  characters  of  the  Old  Bed 
Sandstone.  In  a  word,  the  Tilestones,  or  beds  of  passage,  considered 
iH  a  broad  sense,  enclose  at  their  base  a  shell  or  two  and  a  fish-defence, 
with  Crustacea  of  the  Upper  Ludlow  rock,  and  in  their  upper  parts, 
which  begin  to  graduate  into  comstones,  we  first  find  the  characteristic 
fishes  of  the  Old  Bed  Sandstone.  It  follows,  therefore,  that  as  the 
grey,  flag-like  strata  which  pass  up  into  reddish  beds  may  either  be 
viewed  as  the  termination  of  the  Silurian,  or  the  commencement  of  the 

*  The  late  Lady  Gordon  Gumming,  of  eldest  daughter  sketched  and    coloured 

Altyre,  was  <^e  diiBCOverer  of  many  of  these  them,  is  duly  recorded  in  the  pages  of 

fossil  fishes,  and  the  exquisite  manner  in  A^assiz's  classic  work.    (See  Poissons  du 

which  that  accomplished  lady  and   her  Yieux  Gr^  Rouge,  pattim,) 
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Old  Bed,  the  genera  Cephalaspis  and  Tteraspis  are  typical  both  of  the 
iippermoBt  Silurian  and  the  lowest  zone  of  the  Old  Eed  or  Devonian 
group.  In  truth,  as  we  now  know  that  the  variegated  concretions  called 
comstones  are  traceable  down  to  within  a  veiy  few  feet  of  those  trans- 
ition beds,  and  as  the  Cephalaspis  Ljellii,  PL  37.  f.  1-8,  and  two  species 
of  Pteraspis,  id.  f .  9  &  10,  abound  in  them,  there  can  no  longer  be  any 
doubt  on  this  point. 

In  adopting  this  view,  we  remove  one  of  the  difficulties  which  was 
presented  to  the  mind  of  Hugh  Miller,  in  his  endeavour  to  determine  the 
order  in  which  the  different  ichth jolites  of  the  Old  Bed  Sandstone  of 
Scotland  successively  made  their  appearance.  Grouping  the  Caithness 
flagstones  in  the  lower  division,  and  unable,  on  the  one  hand,  to  detect 
a,.CephalaspiB  in  them,  or  on  the  other  to  find  the  fishes  of  his  north- 
eastern tracts  in  the  central  parts  of  Scotland,  he  was  naturally  induced 
to  suggest,  that  the  beds  with  Cephalaspis*  would  be  found  to  lie  above 
the  fish-beds  of  Cromarty  and  Caithness.  In  looking,  however,  to  the 
physical  order  of  the  masses  in  that  northern  region  (section,  p.  280), 
we  see  that  this  view  cannot  be  retained;  for  the  bituminous  schists 
of  Caithness  are  comparatively  high  in  the  series,  and,  resting  upon  a 
great  thickness  of  sandstone  and  conglomerate  (a,  5,  c),  are  overlaid  by 
the  upper  zone  of  the  group  only.  According  to  my  view,  therefore,  as 
founded  also  on  the  natural  sections  in  Shropshire  and  Herefordshire, 
the  conglomerates  and  sandstones  which  underlie  the  flagstones  of 
Caithness  (a,  ft,  of  section,  p.  280)  are  the  equivalents  in  time  of  the 
lower  comstone  strata  of  England.  This  determination  is  of  considerable 
importance,  since  good  geological  text-books,  including  the  last  editions 
of  Lyell's  Mumm.!  and  Pagers  Advanced  Text-book,  both  following  Hugh 
Miller,  have  placed  the  Caithness  Flags  in  the  lowest  division  of  the  Old 
Bed  Sandstone. 

We  may  also,  indeed,  clearly  infer,  that,  even  if  the  Arbroath  paving- 
stones  with  their  Pterygoti  do  not  represent  the  uppermost  Ludlow 
rocks,  still  it  follows  that  the  Cephalaspis  beds  of  Forfarshire  must  fall 
into  the  lower  division  of  the  Old  Bed  group.  For  a  popular  acquaint- 
ance with  the  oldest  recognized  ichthyolites  of  the  Old  Bed  Sandstone, 
the  reader  is  referred  to  the  figures  in  Plates  86  &  37. 

The  bituminous  flagstones  of  Caithness  and  the  Orkneys  being  con- 
sidered the  central  portion  of  this  geological  group,  we  may  endeavour  to 

*  In  formerly  adopting  the  belief  that  Tilestones  and  summit  of  the  Ludlow 

ihe  comstones  with  Cephalaspis  generally  rock.    Again,  it  was  formerly  believed  that 

represented  the  middle  beds  of  the  Old  a  Dipterus  (a  marked  Caithness  genus) 

Bed  Sandstone,  Hugh  Miller  was  quite  had  been  found  in  the  Upper  Ludlow  rock, 

justified ;  for  it  was  then  supposed,  even  This  was  a  mistake  in  tiie  original  <  Si- 

hymysel^  that  these  concretions  occupied  lurian  System;'    for  in  no    subsequent 

tiae  central  part  of  the  group ;  whilst  we  researches  has  the  smallest  fragment  of  a 

now  know   that   their   inferior   portion  Dipterus  been  detected  in  the  bone-bed  of 

actually  graduates  downwards  into  the  the  Upper  Ludlow  rock. 

Digitized  by  VjOOQIC 


286 


SILITEIA. 


[Chap.  XI. 


see  if  there  be  any  cause  to  serve  to  explain,  why  their  imbedded  ich- 
thyolites,  so  abundant  in  the  north,  should  be  so  rare  in  the  central  and 
southern  parts  pf  Scotland.  The  explanation,  it  seems  to  me,  is  given 
in  the  fact,  that,  as  we  proceed  from  north  to  south,  the  bituminous  and 
calcariOUB  schists  and  flagstones  so  thin  out,  that  already  in  Nairn  and 
Elgin,  and  still  more  at  Gkunrie,  in  Banff,  such  beds  are  represented  by 
clays  with  nodules  only,  and  that  further  southwards  even  these  are  no 
longer  traceable  in  the  central  portioif  of  the  sandstones.  The  condition, 
therefore,  of  the  marine  waters  of  the  northern  seas,  and  the  sediments 
therein  accumidated,  must  be  considered  to  have  specially  favoured  the 
life  of  certain  fishes,  whose  remains  are  not  to  be  detected  when  we  pass 
into  more  southern  tracts,  where  such  conditions  no  longer  prevailed. 

In  the  central  zone  of  Caithness  and  Orkney  and  its  diminished  equi- 
valents in  Cromarty,  Nairn,  Elgin,  and  Banff,  are  found  many  species  ot 


.    Old  Bbd  SAia>8T0KE  Fish. 


Underaide  of  Pteribhthys  oomutua,  Agmwir.,  from  Morayshire. 

See  the  striking  desoriptioii  of  this  iohthyolite  by  its  disoorerer,  Hugh  Miller, 
*  Old  Bed  Sandstone,*  p.  46. 

the  following  genera  of  Agassiz,  viz.  Pterichthys,  Polyphractus,  Cocco- 
steus,  Cheiracanthus,  Diplacanthus,  Cheirolepis,  Dipterus,  Osteolepis, 
Diplopterus,  and  Platygnathus*. 

FoaaiLS  (70).    Olt>  Ebd  Fish. 


Goooostens  dedpiens,  Agassis,  somewhat  restored. 

A  perfectly  restored  head  of  this  fish  is  ffiyen  in  Mr.  Miller's  eloquent  work, 
the  *  Footprints  of  the  Creator/  p.  60.    Edinburgh,  1850. 

*  These  Caithness  fishes  were  first  no-  by  Professor  Sedgwick  and  myself.   Trans, 

ticed  in  1826  in  my  memoir  on  the  Coal  GeoL  Soc.  yoL  iiL,  2nd  ser.,  p.  142.  pis.  15, 

of  Brora  in  Suthenandshire,  Trans.  G^L  18, 17.    They  were  parUaUy  described  and 

Soc.,  n.  s.,  yoL  ii.  p.  814 ;  and  were  placed  named  by  Cuyier,  who  compared  them 

in  their  proper  geological  position  in  1827  with  the  Lepidoeteus. 


Digitized  by  VjOOQIC 


Chap.  XL]  OLD  BED  ICHTHYOLITES.  287 

Two  of  the  most  peculiar  of  these  forms,  the  Pterichthys  (including 
Polyphractus)  and  Coccosteus,  were,  when  first  found,  considered  to  be 
so  unlike  fishes,  that  all  the  skill  of  Agassiz  was  required  to  refer  them 
to  that  class. 

The  Coccosteus  decipiens,  which  is  here  represented,  was  first  put 
together  with  consummate  talent  by  Hugh  Miller,  from  several  of  its 
detached  fragments  which  that  ingenious  philosopher  collected  on  the 
shore  of  Cromarty. 

The  other  genera  aboye  mentioned  have  more  obvious  piscine  cha- 
racters. These  characters  are  apparent  in  fragments  even  of  those  fossils 
which  were  first  published  by  Sedgwick  and  myself  from  the  flagstones 
of  Caithness, — such,  for  example,  as  the  Dipterus  and  Osteolepis  first 
described  by  Cuvier  at  my  own  request.  Another  of  these  fishes  is  here 
represented. 

Fossils  (71).    Old  Bsd  Gasotd  Fish. 


DipteroB  niAcrolepidotiis,  Ag.,  of  the  black  schistB  of  Caithness.    From  a  specimen  in 
the  cabinet  of  Sir  Philip  de  M.  Grey  Egerton,  Bart. 

This  figure  of  a  specimen  in  the  cabinet  of-  Sir  P.  Egerton  is  more 
correct  than  that  given  in  my  last  edition,  and,  indeed,  than  any  pub- 
lished figure.  The  extra  anal  fin  supposed  to  exist  in  this  genus  and 
some  allied  forms  is  not  seen  in  this  specimen,  which  shows  the  ordi- 
nary arrangement  of  a  pair  of  pectoral  and  a  pair  of  ventral  fins,  with  a 
single  anal  fin  in  advance  of  the  great  caudal  appendage.  Such,  no 
doubt,  is  the  true  structure  of  Dipterus  and  Diplopterus,  which  were 
predaceous  Ghuaoids  of  the  -Sauroid  family.  Their  forms,  though  of  great 
breadth  in  proportion  to  their  depth  (something  like  that  of  the  G-umard 
of  our  coasts),  were  compact  and  graceful. 

Fossils  (72).    Cbakiuk  op  as  Obknst  Fish. 


Frontal  portion  df  the  cranium  of        ft4^^^^^BH        ^^^m  the  dark  grey  flagatonea  of 
DiplopteruB  borealia.  ^^^^^^^^T^  Stromnesa,  Orkney. 


The  breadth  and  depression  of  the  head  in  these  fishes  is  well  seen  in 
the  subjoined  small  woodcut,  which  exhibits  the  frontal  portion  of  the 
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cranium  of  Diplopteras  borealis*.  The  jet-like  lustre  of  some  of  the 
Caithness  and  Orkney  ichthyolites  and  the  blackish-purple  and  dark 
blue  colours  of  others,  make  them  Yery  conspicuous  objects  in  the  grey 
flagstone. 

The  central  or  Caithness  flags  near  Wick  have  also  afforded  to  the  re- 
searches of  Mr.  C.  Peach,  forms  which,  resembling  shells,  have  been  spoken 
of  as  such ;  but  they  are  now  suspected  by  Mr.  Bupert  Jones  to  be  the 
bivalve  carapaces  of  the  crustacean  genus  Estheria,  or  an  allied  form. 

The  bituminous,  schists  of  the  North  of  Scotland  thinning  out  in 
their  range  southwards,  the  next  member  of  the  series  in  the  central 
parts  of  Scotland  is  specially  characterized  by  other  ichthyolites. 

In  tracing  the  Old  Bed  group  upwards  on  the  southern  flank  of  the 
Grampians,  from  the  flags  or  paving-stones  of  Arbroath,  with  their  Ptery- 
goti  and  seed-vessels,  through  the  Cephalaspis  or  lower  zone  upwards 
into  the  deep  red  overlying  sandstones  of  Perthshire  (no  bituminous 
schists  being  there  known),  we  begin  to  find  the  Holoptychius,  a  genus 
which  has  been  continued  into  the  Lower  Carboniferous  rocks.  The 
species,  however,  which  occur  in  the  deep  red  sandstones  of  Perthshire, 
and  particularly  the  splendid  specimen  from  Clashbinnie  (H,  Nobilissi- 
mus,  P].  37.  f.  9),  are  entirely  distinct  from  those  forms  which  occur 
in  even  the  highest  strata  that  are  observed  to  pass  up  into  the  Carbo- 
niferous rocks. 

It  is  only  in  certain  reddish  and  yellowish  sandstones  and  shales,  as 
seen  in  Eifeshire,  the  Lothians,  and  partially  in  Ayrshire,  that  the  geo- 
logist can  be  said  to  enter  among  those  strata  which  here  and  there  are 
linked  on  to  the  Carboniferous  rocks  above,  as  they  unquestionably  are 
to  the  Old  Eed  Sandstone  below,  and  which,  according  to  the  predomi- 
nance of  their  fossil  contents,  may  be  grouped  with  either  deposit. 
Like  the  Tilestones  which  connect  the  Upper  Silurian  with  the  Old  Bed 
group,  these  yellow  sands  and  shales  are  the  true  transition  beds  which 
unite  the  Old  Bed  with  the  Carboniferous  series.  They  are  the  beds 
in  which  Dr.  John  Fleming  long  ago  pointed  out  the  occurrence  of  shells 
and  plants  indicative  of  terrestrial  and  freshwater  conditions  f- 

Other  species  of  Holoptychius  occur  both  in  the  red-coloured  and 
yellow  sandstones  on  either  coast  of  the  South  of  Scotland ;  and  again, 
some  species  of  this  genus,  distinct,  however,  from  all  those  of  the  Old 
Bed,  are  found  in  the  lowest  Carboniferous  strata. 

It  is  worthy  to  be  again  noted,  that  the  only  scale  of  a  large  species 
of  Holoptychius  which  I  met  with  in  preparing  the  description  of  the 
Silurian  region  was  in  one  of  the  upper  beds  of  the  Old  Bed  of  Here- 

*  From  a  speoimen  found  by  Dr.  Hamil-  small  central  plate  in  the  frontal  bone  as 

ton  of  StromnesB.    For  the  entire  cranium  common  to  most  of  the  Old  Bed  Cbnoids. 

see  Hugh  MiUer^s  Footprints  of  the  Ore-  f  See  Edinburgh  Journal  of  Natural 

ator,  p.  58.     He  particularly  refers  to  the  Science,  vol.  iii 
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fordshire,  near  Crickhowell,  where  that  formation  passes  conformably 
under  the  carboniferous  limestone  of  the  8.  Welsh  coal-field.  (See  Sil. 
Syst.  p.  171.) 

These  upper  beds  are  marked  at  Dura  Den  in  Fife,  and  at  Farlow  in 
Shropshire,  by  the  presence  of  Pterichthys,  accompanied  in  the  Scotch 
locality  by  Holoptychius.  The  species,  however,  are  distinct  in  both 
cases  from  those  of  the  older  or  middle  beds  in  Caithness  and  the 
Orkneys,  as  well  as  from  those  of  the  overlying  carboniferous  rocks. 
Among  these  forms,  the  Holoptychius  Flemingii  and  Platygnathus 
Jamesoni,  Ag.,  are  common  to  the  uppermost  zone  of  this  group  in 
Scotland  and  in  Bussia.  Besides  fishes  and  certain  plants,  of  which  we 
shall  presently  speak  as  ranging  up  from  the  Caithness  beds  into  the 
sandstones  of  the  northern  headlands,  the  upper  band  of  the  Old  Bed 
of  the  North  of  Scotland  has  yielded  the  skeleton  of  the  oldest  known 
air-breathing  reptile,  as  here  represented. 

FOSSILB  (73).      BSPTILB  OF  THX  IJPPBB  OlD  BsD. 


Telerpeton  ElginenM,  ManteU.     (Somewhat  less  than  natural  sice.) 

This  reptile  was  found  in  one  of  the  light-coloured  sandstones  of 
Elgin,  on  the  south  side  of  the  Murray  Frith — strata  which,  on  the 
whole,  form  part  of  the  upper  division  of  the  Old  Bed  Sandstone,  and  are 
superior  to  the  flags  and  comstones  with  ichthyolites.  The  stratum, 
however,  in  which  this  reptile  was  found  has  not  been  examined  by 
myself,  and  I  therefore  rely  on  the  observations  of  other  persons*. 

JPlatUs  of  the  Old  Bed  Sandstone, — The  most  marked  addition  to  the 
fossil  contents  of  the  Old  Bed  Sandstone  consists  of  various  fossil  plants. 
Even  as  late  as  the  year  1854  I  could  allude  to  only  one  unquestionable 
land  plant  as  having  been  found  in  this  formation  by  Hugh  Miller,  and 
described  by  him  as  a  part  of  a  coniferous  treef.  The  same  author 
had  afterwards  brought  to  the  notice  of  the  British  Association  for  the 

*  See  Mantell*s  description  of  this  ani-  mal  in  this  sandstone,  by  Capt.  Brick- 

mal,  as  found  by  Mr.  P.  Duff,  of  Elgin,  enden,  Quart.  Joum.  Geol.  Soc.  vol.  Tiii. 

and  brought  into  notice  in  reference  to  p.  97. 
the  strata  and  to  certain  tracks  of  an  ani-        t  See  *  Footprints  of  the  Creator,*  p.l98. 
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Advanoement  of  Science,  in  1855,  seyeral  of  these  fossil  plants,  which 
haye  since  been  published  in  his  posthumous  work  the  '  Testimony  of 
the  Eocks.'  Most  of  these  have  been  there  referred  to  tree-ferns,  and 
illustrated  in  that  work  by  woodcuts*. 

Living  at  Wick,  in  the  central  portion  of  the  Caithness  flags,  Mr.  C. 
Peach  has  laboured  incessantly  in  that  locality  to  discover  organic  re^ 
mains,  and  has  succeeded  in  disentangling  certain  fossil  vegetables  (as 
well  as  many  ichthyoUtes)  from  these  hard  rocks.  The  plants  are  all 
clearly  of  terrestrial  origin,  and  are  of  the  same  species  as  those  which 
have  been  found  in  the  Orkneys  by  Dr.  Hamilton,  and  at  Thurso  by 
Mr.  John  Miller  and  Mr.  E.  Dick,  who  have  collected  many  excellent 
specimens  near  that  townfy  some  of  which  are  figured  below. 

The  most  striking,  perhaps,  of  these  fossil  plants  are  veiy  large,  long, 
flattened  bodies,  which,  from  their  state  of  preservation,  were  clearly 
woody  stems  (Foss.  74.  f.  6).  They  were  4  or  6  inches  broad,  and  as 
many  feet  in  length,  fluted  longitudinally,  and  possessing  a  central  pith. 

FcesiLS  (74).    Old  Red  SurosTOinj  Plants— Caithness. 


1.  Branched  rootlets  of  some  Lycopodiaoeous  ?  plant.  2.  Dichotomons  roots  (very 
common)  of  LepidodendronP,  upon  a  sur&ce  maned  with  double  annelide-burrows. 
8.  Ljcopoditea Milleri,  Salter;  one-third  nat.  size.  4.  Lepidodendron nothum,  Uneer P, 
one-thund  nat.  size.  6.  Flattened  root,  and  6.  Fluted  stem,  of  coniferous  wood,  about 
one-sixth  nat.  size. 

Though  these  plants  have  often  been  converted  into  thin  plates  of  cry- 
stalline coaly  matter,  their  forms  remain  distinct,  and,  under  the  careful 
microscopic  scrutiny  of  Professor  Quekett,  they  have  exhibited  a  true 
coniferous  structure.    In  the  arrangement  and  number  of  the  disks  upon 


•  See  MiUer^s'Testimonyof  the  Bocks,* 
pp.  24,  482,  &c, 

t  Most  of  Mr.  Dick's  specimens  were 
communicated  to  the  late  Hugh  Miller; 
and,  when  last  in  Caithness,  I  induced  Mr. 


John  Miller,  of  Thurso,  to  send  up  all  his 
valuable  specimens  to  London  for  exami- 
nation. T^ey  have  now  been  described  by 
Mr.  Salter  in  the  Quart.  Joum.  GeoL  Soc., 
Not.  1857,  vol.  xiv.  p.  72.  pi.  6. 
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the  fibres  they  approach  near  to  the  Araucarian  group.  In  general  ap- 
pearance, and  eyen  in  the  mode  of  preservation,  they  strikingly  resemble 
certain  fossil  forms  from  the  Upper  Devonian  rocks  of  Saalfeld  in  Ger- 
many, as  collected  by  M.  Bichter,  and  hereafter  to  be  noticed — such,  for 
instance,  as  the  Aporoxylon  of  Professor  linger — ^but  this  differs  in 
being  of  simpler  structure,  and  in  possessing  no  pores  or  disks. 

These  fluted  fragments  are  no  doubt  stems,  and  similar  but  more 
slender  specimens  found  with  them  are  as  clearly  the  branches,  which 
haTe  borne  whorls  of  smaller  twigs,  like  their  living  representatives. 
Again,  large  branching,  woody  roots,  f.  5,  but  destitute  of  superficial 
markings,  appear  to  have  belonged  to  the  same  trees,  and  are  often 
several  feet  long.  With  these  occur  very  many  specimens  of  a  Lepido- 
dendron,  f.  4,  with  scaly,  short  leaves,  L.  nothum,  linger  P,  or  a  species 
very  like  it ;  a  Lycopodites,  f.  3,  with  long  prostrate  stems  and  secund 
or  one-sided  foliage,  like  that  of  the  common  Lycopodium  clavatum. 
This  last  may  of  course  be  of  quite  a  different  natural  order,  and  even 
coniferous,  but  its  general  resemblance  alone  is  implied  in  the  name. 

Linear  branched  or  dichotomous  fragments*,  some  of  them  smooth, 
f.  1,  2,  and  destitute  of  all  markings,  have  also  been  found,  whilst 
others,  like  them,  are  covered  with  small  tubercles  in  quincunx  order, 
and  are  probably  the  roots  of  the  Lepidodendron,  f.  4. 

The  probability  of  the  smooth  forms,  f  .  1,  being  abo  roots  is  very  strong. 
Similar  bodies  occur  in  beds  of  the  Upper  Devonian  series  in  N.  Devon 
and  the  South  of  Ireland,  and  in  such  a  position  with  regard  to  the 
fluted  stems  of  Knorria,  with  which  they  are  associated,  as  to  lead  to 
the  belief  that  they  are  the  rootlets  of  that  plant.  The  larger  ones  have 
even  markings  similar  to  those  of  the  main  stem.  These  will  be  referred 
to  in  speaking  of  the  Upper  Devonian  rocks  of  the  Continent. 

This  probability  is  strengthened  by  finding  similar  linear  specimens 
with  them  which  bear  tubercles  or  excrescences  at  their  tips  and  along 
their  sides,  very  like  those  on  the  roots  of  Leguminous  plants  and  many 
of  the  Conifers  t.     The  latter  is  the  more  probable  analogy. 

Hugh  Miller  has,  indeed,  figured  a  similar  fossil^  as  probably  belong- 
ing to  an  ancient  marine  plant,  resembling  the  Zostera ;  and  has  rea- 
sonably speculated  on  the  existence  of  wide  fields  of  such  vegetation 
on  the  muddy  shores  of  the  Old  Bed  period.  But  our  more  perfect 
specimens  justify  the  belief  above  stated,  and  as  yet  there  is  no  evidence 
of  any  marine  plant  in  the  Caithness  schists.  The  vegetable  remains 
have  evidently  been  swept  from  adjacent  lands  into  the  sea  inhabited 
by  the  fishes  above  described  §. 

*  See  also  Miller's  *  Footprints/  p.  198.        §  It  shoold  also  be  remembered  that 

t  Br.  J.  Hooker,  Proc.  Linn.  Soc.,  No.  GephalaBpiB  and  Pteraapis,  both  typical 

58,  p.  355*.  Old  Bed  fish,  are  found  with  marine  forms 

X  Testimony  of  the  Bocks,  p.  425.  at  Ludlow. 

u2 
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The  flora,  on  the  whole,  is  analogous  to  that  of  the  Carboniferous  for- 
mation, though  distinct  as  to  species.  In  short,  there  were  large  Coni- 
ferous trees — ^with  whorls  of  branches  and  a  structure  like  that  of  the 
Norfolk  pine,  Lepidodendron,  Lycopodites,  and  ferns.  That  these  grew 
near  the  coast  and  were  entombed  in  the  shallows  of  a  muddy  shore, 
seems  proved  from  their  good  preservation  and  firom  the  nature  of  the 
matrix,  which  is,  moreover,  indented  by  the  burrows  of  sea-worms 
(see  f.  2)  like  those  made  upon  the  shores  in  our  own  day. 

As  we  advance  still  higher  in  the  series,  or  into  the  strata  which  overlie 
the  Caithness  flags,  other  fossil  plants  of  large  size  begin  to  appear,  and 
several  of  these  have  been  discovered  in  the  Orkneys  and  Shetlands  by 
Dr.  Hamilton,  which,  belonging  either  to  Calamites*,  or,  rather,  an  allied 
genus  (Bomia),  make  a  near  approach  to  forms  usually  considered  as 
characteristic  of  the  Carboniferous  era. 

Devonian  Boeks  {the  equivalents  of  the  Old  Bed)  in  Devon  and  Com' 
wall. — The  ciystalline  and  slaty  condition  of  many  of  the  stratified 
deposits  in  Devon  and  Cornwall,  and  their  association  with  eruptive 
rocks  and  much  metalliferous  matter,  might  well  induce  the  earlier  geo- 
logists to  class  them  among  the  very  oldest  deposits  of  the  British  Isles. 
In  truth,  the  south-western  extremity  of  England  presented  apparently 
no  regular  sedimentary  succession,  by  which  its  grey,  slaty  schists, 
marble  limestones,  and  siliceous  sandstones  could  be  connected  with  any 
one  of  the  British  deposits  the  age  of  which  was  well  ascertained.  The 
establishment  of  the  Silurian  system,  and  the  proofs  it  afforded  of  the 
entire  separation  of  its  fossils  from  those  of  the  Carboniferous  era,  was 
the  first  step  in  the  inquiries  which  led  to  a  right  understanding  of  the 
age  of  these  deposits.  The  next  was  the  proof  obtained  by  I^fessor 
Sedgwick  and  myself,  that  the  'culm  measures '  of  Devon  are  truly  of 
the  age  of  the  Lower  Carboniferous  period,  and  that  they  graduate  down- 
wards into  some  of  the  slaty  rocks  of  this  region.  Hence,  in  the  sequel 
it  became  manifest,  that  the  rocks  now  under  consideration  were  the 
immediate  precursors  of  the  Coal  deposits,  and  stood,  therefore,  clearly  in 
the  place  of  the  Old  Bed  Sandstone  of  other  regions.  The  highly  import- 
ant deduction,  however,  of  Mr.  Lonsdale,  that  the  fossils  of  the  South 
Devon  limestones,  as  collected  by  Mr.  Austen  and  others,  really  consti- 
tuted a  natural-history  zoological  group  intermediate  between  those  of 
the  Silurian  rocks  and  of  the  carboniferous  limestone,  was  the  reason 
which  had  most  weight  with  Professor  Sedgwick  and  myself  (after  iden- 
tifying North  and  South  Devon)  in  inducing  us  to  propose  the  term  De- 
vonian f.    The  stratified  rocks  of  Devonshire  and  Cornwall,  of  such  varied 

*  Dr.  Hooker,  Quart.  Gkol.  Joum.  toL  xi.  Sedgwick  and  MurchiBon,  Trans.  Qeol.  Soc., 

p.  49 }  see  also  vol.  xiv.  p.  73.  2nd8er.,vol.v.  p.63S,  and  Phil.  Mag.  ToLxi. 

t  See  Report  of  the  British  Association  p.  311.     See  the  memoir  of   I^nsdale, 

for  the  Advancement  of   Science,  1836  j  Trans.  Geol.  Soc.,  2nd  ser,,  vol.  v.  p.  721, 
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composition,  and  which  are  the  equivalente  of  the  Old  Bed  Sandstone  in 
the  regions  alluded  to,  have  also  been  illustrated  by  the  researches  of 
Sir  Henry  De  la  Beche,  Professor  Phillips,  and  other  geologists*. 

The  most'  instructive  of  the  sections  published  by  my  colleague  and 
myself  to  illustrate  the  general  structure  of  Devonshire  is  that  of  which 
the  diagram  at  p.  294  is  a  compiled  reduction  f.^  It  passes  across  North 
Devon  from  the  Foreland  on  the  Bristol  Channel  to  the  granitic  ridge 
of  Dartmoor  on  the  south,  and  exhibits  a  full  succession  of  the  Devo- 
nian rocks  from  Linton  through  Dfracombe  to  Barnstaple ;  the  whole 
dipping  under  strata  of  carboniferous  age^,  which,  on  the  opposite  side 
of  a  wide  trough,  again  rise  to  the  surface,  resting  upon  Upper  Devonian 
strata. 

The  tract  of  North  Devon  has  thus  been  selected  as  affording  the  best 
type  of  succession  of  the  British  rocks  to  which  the  name  Devonian 
was  applied ;  because  it  offers  a  clear  ascending  section  through  several 
thousand  feet  of  varied  strata,  until  we  reach  other  overlying  rocks, 
which  are  undeniably  the  bottom  beds  of  the  true  carboniferous  group. 
For,  whether  we  advance  from  Barnstaple  to  the  south  or  from  Pether- 
win  to  the  north  (section,  p.  294),  we  find  ourselves  in  a  wide  §,  overlying 
trough  of  much  softer  nature  than  the  flanking  tracts,  and  in  which  the 
slaty  character  is  but  little  developed. 

Now,  although  this  overlying  series  is  in  mineral  aspect  as  much  un- 
like the  carboniferous  series  of  most  other  parts  of  Britain,  as  the  rocks 
of  North  Devon  are  unlike  the  ordinary  Old  Bed  Sandstone  of  England 
and  Scotland,  we  have  proofs  by  fossils,  besides  the  analogy  with  Pem- 
brokeshire before  spoken  of,  that  the  black  limestone  with  PosidonomysB 
(or  the  calcareous  band  g  of  the  section)  does  represent,  on  a  minia- 
ture scale,  a  part  of  the  Mountain  or  Carboniferous  limestone  ;  that  the 
next  series  of  white  grit  and  sandstone  stands  in  the  place  of  the  Mill- 
stone grit ;  and  that  the  overlying  courses  of  culm,  with  many  remains 
of  plants,  are  consequently  the  equivalents  of  some  of  the  lower  coal- 
bearing  strata  of  other  tracts  to  be  described  in  the  next  chapter  ||.     In 

in  which  our  valued  friend  clearly  and  ferous  strata  must  not  be  estimated  by  the 

modestly  states  the  part  which  he  took  in  breadth  which  they  occupy  on  a  geological 

this  classification.  map ;  for,  owing  to  countless  convolutions, 

*  See  Report  on  the  Geology  of  Com-  the  very  same  beds  are  repeated  over  and 

wall,  Devon,  and  W.  Somerset,  by  De  la  over  in  the  same  broad  trough ;  the  folds 

Beche,  1839,  and  the  Paleozoic  fossils  of  being  well  exposed  on  the  coast.  See  Trans, 

the  same  region,  by  Prof.  Phillips,  1841.  Qeol.  Soc.  loc,  oU.    The  bottom  beds  only 

t  See  Trans.  Gteol.  Soc.,  2nd  ser.,  vol.  v.  of  these  undulations,  or  small  portions  of 


pL  60.  figs.  1  &  2.  each  side  of  the  culm  trough  (y),  are  re- 

{  The  coal-field  which  is  bituminous  in  presented  in  the  section. 
Monmouth,  Glamorgan,  and  Carmarthen,        ||  Some  of  the  culm  beds  of  Devon  mav 

becomes  anthracitic  in  Pembroke,  where  be  considered  as  subordinate  to  the  mill- 

the  stone-coal  strata,  much  firactured  by  stone  grit,  but  1  beUere  that  much  of  the 

dislocations,  differ  finom  those  of  Devon  culm  overlies  that  rock,  and  is  simply  the 

only  in  bemg  much  more  productive.  equiyalent  of  the  culm  of  Pembrokeshire, 

§  The  thickness  of  these  lower  carboni-  of  which  hereafter. 
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«horfc,  no  one  denies  that  in  the  culm  series  of  Deyonshire  we  haye  the 
representatiTes  of  the  lower  carboniferous  strata. 

The  objections,  therefore  (which  have,  however,  been  only  very  par- 
tially made),  to  the  view  taken  by  Professor  Sedgwick  and  myself,  that 
the  Devonian  rocks  of  the  foregoing  section  are  the  true  representatives 
in  time  of  the  great  deposits  of  Old  Bed  Sandstone  of  other  parts,  are 
quite  untenable.  In  truth,  the  long  period  which  was  occupied  in  de- 
veloping the  enormously  thick  Old  Bed  deposits  must  have  produced 
equivalent  accumulations  elsewhere ;  and  the  vast  series  of  North  Devon 
immediately  underlying  the  lowest  Carboniferous  beds  occupies  pre- 
cisely the  same  position  as  the  Old  Bed  Sandstone  of  central  England 
and  Scotland.  Moreover,  as  every  geologist  knows,  that  the  crystal- 
line feature  of  slaty  cleavage  was  impressed  upon  these  Devonian  rocks 
long  after  their  formation,  so  must  he  also  admit,  that  the  change  from 
the  red  sand  and  shale  of  Hereford,  Brecknock,  and  Carmarthen  to  the 
grey  shale  with  some  red  sand  in  Devon,  is  by  no  means  abrupt,  but 
resembles  the  gradual  change  which  begioB  to  take  place  in  Pembroke. 
Not  is  there  any  difficulty  in  supposing,  how,  by  a  less  diffusion  of  iron, 
and  under  dissimilar  submarine  conditions,  the  southern  portion  of  the 
area  of  the  very  same  sea  should  have  less  of  the  red  and  sandy  cha- 
racter than  the  northern. 

But  if,  on  account  of  lithological  distinctions,  some  persons  should 
persist  in  denying  that  the  slaty  rocks  of  Devonshire  can  be  the  equiva- 
lents of  the  red  sandstone  and  shale  of  the  Silurian  region,  let  it  be 
recollected  that  this  change  in  lithological  structure  is  by  no  means 
more  remarkable  than  the  mutation  of  aspect  and  character  which  the 
next  overlying  or  Carboniferous  formation  has  also  undergone  in  Devon- 
shire. For,  in  no  distant  parts  of  the  world  do  two  coal  formations  of 
like  age  present  min^al  and  zoological  characters  more  entirely  unlike 
each  other,  than  does  the  great  S.  Welsh  basin  of  Glamorganshire,  when 
compared  with  the  Culm  region  of  Devonshire,  though  separated  by  the 
Bristol  Channel  only.  This  point  will  be  further  illustrated  in  the  next 
chapter,  and  afterwards  in  pointing  out  the  variations  of  mineral  cha- 
racter in  these  deposits  in  different  parts  of  the  world. 

The  great  eruption  of  the  granite  of  Dartmoor,  which  affected  both 
the  Devonian  and  Carboniferous  strata  in  contact  with  it,  has  so  usurped 
the  place  of  the  regular  deposits  in  South  Devon,  that  in  vain  do  we  look, 
either  there  or  in  Cornwall,  for  the  same  clear  order  as  in  North  Devon. 
In  £sM^,  the  derangement  in  the  western  portion  of  South  Devon  and 
the  adjacent  parts  of  Cornwall  is  so  great,  that  the  Lower  Silurian  rocks 
are  seen,  as  already  stated,  to  overlie  true  Devonian  rocks !  *  The  meta- 
morphism  of  some  of  the  schists  has,  indeed,  often  given  to  them  the 
semblance  of  the  oldest  primary  rocks. 

*  See  p.  161,  and  Qnwii.  Joum.  QeoL  Soc.  roL  yiii.  p.  13. 
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Still,  there  are  adequate  means  of  bringing  the  disjointed  and  occa- 
sionally inverted  masses  of  South  Devon  into  comparison  with  the  clear 
order  of  North  Devon.  This  is  in  great  measure  owing  to  the  nume- 
rous and  well-preserved  fossils*  of  its  extensive  lower  limestone.  The 
lowest  limestones,  for  example,  which  are  on  the  parallel  of  those  of 
Combe  Martin  and  Ilfracombe  (e  of  the  long  section),  and  rise  in  great 
masses  near  Plymouth  and  Ogwell,  ranging  at  intervals  to  Newton 
Bushell  and  Torquay  f,  are  laden  with  corals  and  shells,  many  species  of 
which  occur  in  rocks  of  the  same  age  in  various  parts  of  the  continent  of 
Europe,  and  notably  in  the  limestones  of  the  Eifel,  the  Bhenish  provinces, 
and  Belgium.  Now,  many  of  these  fossils  are  quite  peculiar ;  for,  whilst 
they  exhibit  an  intermediate  character,  approaching  in  the  lower  beds 
of  this  series  to  those  of  the  Silurian  system,  though  almost  all  distinct, 
and  in  the  upper  strata  to  those  of  the  Carboniferous  era,  there  can  be 
no  doubt  that,  on  the  whole,  they  constitute  an  independent  group. 
These  corals  have  been  described  in  the  Memoirs  of  the  Pal»ontographical 
Society  of  1853  by  MM.  Milne-Edwards  and  Jules  Haime}. 

All  the  species  of  Trilobites  known  in  the  Silurian  system  have  dis- 


*  The  differences  between  thetfUneral 
suooession  in  North  and  South  Devon,  on 
the  opposite  sides  of  the  great  granitic  axis 
of  Dartmoor,  are  e^lained  hy  Sedgwick 
and  myself,  Trans.  GeoL  Soc,  2nd  ser., 
Tol.  y.  pt.  8.  p.  636. 

t  One  of  the  finest  collections  of  the 
S.  Deron  fossils  was  made  hy  Mr.  B.  A. 
Godwin- Austen,  whose  researches  in  the 
field,  and  whose  study  of  the  organic  re- 
mains, so  materially  contributed  to  a  cor- 
rect acquaintance  with  the  stratified  rocks 
of  Devonshire.  See  Trans.  G^L  Soc.,  2nd 
ser.,  ToL  vi.  p.  433 ;  and  Lonsdale,  ibid, 
vol.  V.  p.  721. 

In  a  Memoir  on  the  paleozoic  rocks 
of  the  Boulonnais  (Quart.  Joum.  QwL 
Soc.  voL  ix.  p.  244),  Mr.  Austen  classes 
the  Petherwin  and  Pilton  beds,  like  my- 
self with  the  Devonian  rocks,  whilst  he 
separates  the  S.  Devon  limestones  of  New- 
ton and  Ogwell  firom  those  of  Ashburton, 
Bickertoif,  and  Chudleigh.  If  in  this 
popular  work  I  retain  the  older  view, 
and  group  together  the  S.  Devon  lime- 
stones, I  would  in  no  respect  detract  from 
the  value  of  such  a  subdivision.  My  pre- 
sent belief  is,  indeed,  that  the  lower  sand- 
stones, conglomerates,  and  slates  (or  the 
a  5  of  the  previous  section)  are  truly  the 

X'valents  of  the  Lower  ^enish  or  Co- 
tzian,  sheUy, '  grey wacke  *  sandstone ; 
thus  completing  the  parallel  between  the 
British  and  BImnish  Devonian  rocks,  and 
giving  to  each  a  similar  base.  In  respect 
to  the  Upper  Devonian  division,  all  foreign 


geologists  who  classify  bv  organic  remains, 
including  M.  de  Koninck,  uniose  opinions 
wiU  be  cited  in  a  subsequent  chapter, 
have  placed  the  Clymenia  and  Cypridina 
limestone  in  the  Devonian  system.  I  must 
therefore  entirely  dissent  fiK>m  a  proposal 
of  the  late  Mr.  D.  Sharpe,  to  remove  this 
band  to  the  base  of  the  carbonifiarous  rocks. 
But,  if  an  intermediate  band  like  this  may 
in  one  region  present  more  of  a  carbom- 
ferous  type  thim  in  another,  and  therefore 
admit  of  much  liber^  in  drawins  the  exact 
line  of  separation,  I  can  still  less  admit 
the  comparison  sought  to  be  established 
by  the  same  author,  between  a  few  unfos- 
siliferous  Belgian  beds  of  red  sandstone, 
shale,  and  conglomerate  (which  at  Pepin- 
ster,  in  Belgium,  form  a  very  email  portion 
indeed  of  the  series  of  Devonian  rocks),  and 
the  enormous  deposit  of  the  Old  Bed 
Sandstone  of  the  British  Isles,  which,  with- 
out any  break,  occupies  in  many  tracts  the 
whole  of  the  vast  interval  between  the  Silu- 
rian and  carboniferous  rocks.  See  Sharpen 
Quart.  Joum.  G^L  Soc.  vol.  ix.  p.  23. 

{  I  find  that  my  friend  Mr.  Lonsdale 
does  not  participate  in  the  opinion  of  these 
authors  respecting  some  of  the  corals 
which  they  refer  to  the  genus  Favosites. 
I  earnestly  trust  that  his  health  will  per- 
mit him  to  publish  a  Beport  on  the  Corals 
from  the  Paleozoic  Formations  of  New 
South  Wales,  transmitted  to  him  bjr  the 
Bev.  W.  Clark,  in  which  he  will  assign,  I 
doubt  not,  valid  reasons  for  the  distinctions 
he  draws. 
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appeared,  and  their  places  are  taken  by  others,  of  which  Bronteus  fla- 
bellifer,  Gk^ldfuss,  Phacops  latifirons,  Bronn,  and  P.  laciniatus,  Boemer, 
are  striking  types  both  in  Britain  and  on  the  Continent.  Large  species 
of  Homalonotus,  different  from  the  Ludlow  rock  species,  being  orna- 
mented with  spines,  characterize  the  lowest  beds.  They  are  found,  too, 
in  DeTonian  strata  of  very  distant  regions,  e,  g,  the  Cape  of  Gk)od  Hope. 
Trilobites,  however,  which  swarmed  in  Silurian  times,  were  comparatively 
scarce  in  the  Devonian ;  although  several  of  the  very  numerous  genera 
of  the  former  era  are  known  in  it,  and  no  new  genera  are  introduced. 

Among  the  mollusca,  nearly  all  the  species  of  Atrypa,  Orthis,  and 
Spirifer  differ  from  those  of  the  Silurian  era*.  One  shell,  however,  the 
Atrypa  reticuL&ris,  must  be  mentioned  as  an  exception  to  the  prevalent 
rule  of  each  great  group  being  distinguished  by  peculiar  forms ;  for  this 
hardy  species,  with  which  the  reader  became  so  familiar  in  the  Silurian 
rocks  (see  ^.  231),  lived  on  to  the  Devonian  era,  and  is  as  common  in 
the  limestones  and  shale  of  Devonshire  as  in  the  older  series.  It  even 
ranges  to  the  furthest  known  geographical  limits  of  the  Devonian  rocks, 
— to  Armenia,  the  Caucasus,  and  China  on  the  east,  and  to  the  Devonian 
deposits  of  America  on  the  west ! 

Although  many  of  the  Silurian  and  Devonian  genera  are  the  same,  yet 
the  proportional  number  of  species  is  very  different,  and  certain  genera 
of  shells  which  were  common  in  the  older  period  are  no  longer  trace- 
able. Thus,  the  genus  Orthis  becomes  far  less  abundant,  whilst  the 
Spirifer,  comparatively  rare  in  the  older  rocks,  augments  much  in  number 
of  forms,  and  especially  in  the  size  of  the  shell — ^the  large  broad-winged 
Spirifers  being  especially  characteristic  of  rocks  of  this  age,  and  particu- 
larly in  the  Lower  Devonian  of  several  foreign  countries.  Several  species 
common  in  the  sandstones  of  Torquay  and  Powey  in  S.  Devon  and  Corn- 
wall, are,  indeed,  well  known  in  the  Bhenish  provinces.  Such,  for  ex- 
ample, are  Spirifer  macropterus,  Goldf.,  S.  speciosus,  Schl.,  and  S.  laevi- 
coeta,  Yalenc.  (S.  ostiolatus,  Schl.),  Chonetes  semiradiata,  C.  sarcinulata, 
and  the  Orthis  circularis.  Sow.  In  Britain,  no  brachiopod  is  more  typical 
than  Atrypa  desquamata,  Poss.  76.  f.  6. 

Tentaculites  annulatus,  Schl.,  Homalonotus  (probably armatus,  Burm.) 
with  spines,  and  the  remarkable  Bhenish  coral  Pleurodictyum  problema- 
ticum,  are  among  the  characteristic  species  of  the  lowest  beds. 

As  if  to  draw  the  parallel  even  still  closer  between  Devonshire  and 
the  Bhine,  Bactrites  (Orthoceras)  gracilis,  Miinster,  the  prevailing  fossil 
of  the  Wissenbach  slates,  (which,  as  will  hereafter  be  seen,  occupy  a  low 
position  in  the  series,)  has  been  found  at  Black  Head  near  St.  Austell. 

The  most  typical  shells  which  mark  the  strata  in  which  they  occur 
as  of  middle  Devonian  age,  are  the  large  Stringocephalus  giganteus, 

*  Many  SQiirian  speoiee  appear,  indeed,  in  catalogues  of  Deronian  fossils ;  but  in 
most  cases  it  is  belieyed  (with  the  exception  of  a  few  corals)  erroneously. 
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F088. 75.  f.  4,  Megalodon  cucullatus,  f.  2,  and  Calceola  sandaliiiA,  f.  1,  re- 
presented in  the  following  woodcut,  together  with  Mnrchisonia  hilineata, 
f.  3,  and  the  corals  Cyathophyllum  c»spito8um,  HeUoUtes  pyriformis,  &c. 
To  these  few  characteristic  fossils  the  following  maj  be  added  as 
abounding  in  the  limestones  of  Plymouth,  Berry  Head,  Teignmouth, 
Ogwell,  and  part,  at  least,  of  those  of  Newton  Bushel*, — -viz.  Spirifer 

F0S8IX8  (76).    Shells  gv  the  CEinitAL  ob  Gbeat  'Dwovias  LmsToins. 


1.  Calceola  sandalina,  Lino.  2.  Megalodon  cucullatus,  Sow.  8.  MorchiBonia  bi- 
lineata,  Qoldf.    4.  Stringooephalus  gigonteus,  Sow.    5.  Atrypa  deaquamata,  Sow. 

speciosus,  S.  heteroclytus,  Defrance,  Pentamerus  brevirostris,  Cyrto- 
ceras  omatum,  Goldf.,  &c. ;  species  of  Scoliostoma  (or  Vermetus?), 
Euomphalus  annulatus,  Goldf.,  Pleurotomaria,  Macrocheilus,  Loxonema, 
Pileopsis,  and  Porcellia;  Encrinites  (Hexacrinus,  Platycrinus,  &c,); 
with  the  species  of  trilobites,  Bronteus,  Phacops,  and  Harpes  macro- 
cephalus,  &c.  first  mentioned. 

The  curious  fossil  called  SphsBronites  tessellatus  by  Sir  H.  De  la  Beche 
also  occurs  here.  It  is  not,  however,  a  Cystidean,  that  family  being 
confined  to  the  Silurian  rocks,  but  is,  perhaps,  a  complex  sponge,  as  is 
also  the  Steganodictyum  of  M'Coy,  from  the  slates  of  Polperro,  Cornwall. 
The  fossils  of  the  calcareous  slates,  indeed,  which  range  throughout 
S.  Devon  and  S.  Cornwall,  are  for  the  most  part  the  same  as  those  of 
the  limestones ;  Atrypa  desquamata  and  Phacops  laciniatus  being  the 
commonest  forms  at  Padstow,  Liskeard,  and  St.  Keyne. 

To  return  to  the  section,  p.  294.  The  highest^  rock  which  is  there 
classed  as  Devonian,  and  which  is,  on  the  whole,  a  mere  upward  continu- 
ation of  the  slaty  series,  differs  very  considerably  on  the  two  sides  of  the 


*  The  higher  beda  at  Kewton  Bushel 
are  oertainl^  of  newer  date,  the  oharaoter- 
iatio  aliell  ban|;  the  BhynchoneUa  cuboldea, 
Sow.,  a  apeoiea  which  characterixee  the 
beds  immediately  below  the  Clymenia  lime- 


atones  of  G^ermany  and  Belgium.  A  spe- 
cies of  CShiton  (the  elongate  form,  Helmm- 
thochiton)  is  also  found  in  the  Newton 
Bushel  beds. 
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trough ;  so  much  so,  that  there  is  considerahle  difficulty  in  identifying 
the  beds  on  the  southern  side  of  the  trough  with  those  on  the  northern. 
On  the  southern  side  the  strata,  hj  their  schistose  and  calcareous  nature, 
truly  represent  the  Upper  Devonian  limestones  and  schists  of  Germany, 
of  which  mention  will  be  made  in  a  subsequent  chapter ;  but  the  beds  of 
the  Barnstaple  section  differ  much  in  Hthological  character  and  fossil 
contents,  and  indicate,  both  in  my  opinion  and  in  that  of  Mr.  Salter, 
who  re-examined  them  carefully,  a  somewhat  higher  series. 

To  begin  with  the  beds  of  Petherwin  in  Cornwall.  Here  the  upper- 
most beds,  underlying  the  trough  of  the  culm  strata,  consist  of  soft,  fis- 
sile grey  slate,  with  some  courses  of  impure  limestone,  /,  as  expressed 
in  the  previous  section.  In  this  band  a  great  number  of  fossils  have 
been  found ;  and  these,  whatever  ambiguity  may  attach  to  the  beds  of 
Barnstaple,  clearly  identify  the  Petherwin  series  with  the  Upper  Devo- 
nian of  many  parts  of  the  continent  of  Europe.  Such  are  the  Phaoops 
granulatus,  Foss.  76.  f.  5 ;  Clymenia  linearis,  f.  1 ;  C.  Iffivigata,  Munster ; 

Fossils  (76).    Shells  of  the  Uppbb  Devoioav. 


I.  Clymema  linearis,  Mdnst.  2.  Cucullffia  Hardingii,  Sow.   8.  Strophalotia  caperata, 
Sow.  4.  Spirifer  disjunctus,  Sow.  (Yemeuilii,  Murch.).   5.  Phaoops  granulatus,  MOnst. 

C.  striata,  Munster ;  Goniatites  subsulcatus,  Miinster ;  Cardiola  retro- 
striata,  Y.  Buch,  and  the  Productus  subaculeatus,  Murch.  These  fossils 
are  not  found  in  the  Barnstaple  series.  Several  species  (probably  14  or 
16),  however,  are  met  with  in  both  localities.  Spirifer  Urii,  for  instance, 
and  Orthis  interlineata  are  common  fossils,  and  these,  with  the  Spirifer 
disjunctus,  or  Yemeuilii,  a  Devonian  fossil  of  the  Boulonnais,  help  to 
connect  these  beds  with  those  on  the  north  side  of  the  culm  trough. 
On  the  other  hand,  the  characteristic  trilobite  Phacops  latifix)ns,  so 
common  at  Barnstaple,  is  absent  from  the  Petherwin  deposits*. 


*  It  is  present  in  a  small  outlier  of 
slaty  rock  which  pierces  the  culm  a  few 
miles  N.  of  Launoeston,  and  is  there  accom- 
panied by  Petraia  Celtica.  This  outlier 
was  obaenred  many  years  ago  bj  Mr.  S.  B. 
Pattison,  and  has  been  again  lately  ex- 


amined by  Mr.  Salter,  who  was  unable  to 
obtain  satis&otory  eridenoe  of  its  being 
higher  inposition  than  the  Petherwin  lime- 
stone. He  is,  howerer,  strongly  inclined 
to  that  opinion,  both  from  its  position  and 
organic  contents. 
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The  most  typical  portion  of  the  iTpper  Devonian  beda  of  Barnstaple 
is  the  calcareous  band  of  Pilton  and  Bnishford,  and  which  ranges  by 
Heaton  and  Braimton  to  the  sea  at  Croyde  Bay.  Now,  whilst  the  lower 
sandy  strata  of  this  section,  as  at  Marwood  and  Baggy  Point,  contain 
numerous  CucullsBflB,  chiefly  C.  Hardingii,  Foss.  76.  f.  2,  and  C.  trapezium, 
Sow.,  Bellerophon  subglobatus,  M'Coy,  and  a  peculiar  species  like  the 
B.  trilobatus  of  the  Tilestones  (B.  bisulcatus  of  EoBmer),  with  casts  of 
land  plants,  such  as  Knorria  dichotoma,  a  species  of  Bomia,  &c., — the 
upper  or  calcareous  part  is  charged  with  a  true  Deyonian  trilobite,  the 
Phacops  latifrons,  Bronn,  together  with  species  of  Pleurotomaria,  Or- 
this,  Spirifer,  Terebratula,  and  Strophalosia,  some  of  which  occur  in  the 
carboniferous  rocks,  but  others  are  Upper  Devonian.  Such  are  the 
Spirifer  Vemeuilii  and  the  Strophalosia  caperata.  The  Productus  pr«B- 
longus.  Sow.,  is  a  species  elsewhere  unknown,  but  occurring  in  pro- 
fusion in  these  beds.  With  this,  too,  is  the  Spirifer  Barumensis,  also  a 
local  form,  resembling  S.  cuspidatus  of  the  carboniferous  limestone  ;  and 
there  are  fossils  of  that  formation — Spirifer  Urii  and  Ehynchonella  pleu- 
rodon ;  together  with  Fenestellae,  encrinites,  fish-peUets,  &c.,  which  ap- 
pear to  be  identical  with  those  of  the  Carboniferous  slate.  Here,  again, 
though  with  considerable  mineral  variations,  we  see  the  same  upward 
succession  as  in  Scotland  and  Ireland,  and  in  approaching  the  summit 
of  what  has  been  classed  as  Devonian  or  Old  Bed,  we  are  gradually  in- 
troduced to  the  flora  and  fauna  of  the  Carboniferous  era. 

It  has  been  proposed,  indeed,  to  classify  the  whole  of  these  Upper 
Devonian  deposits  with  the  Carboniferous  system,  the  late  Mr.  D.  Sharpe 
and  Mr.  Godwin- Austen  having  advocated  this  view.  Mr.  Salter  inclines 
to  a  more  modified  opinion,  and  while  classifying  the  upper  portion  of 
the  Barnstaple  group  with  the  Lower  Carboniferous  limestone  shales 
of  Smith,  regards  the  Marwood  beds*  as  the  uppermost  part  of  the 
Devonian  series,  and  as  beds  of  transition  downwards  into  the  Upper 
Old  Bed  Sandstone,  of  which  the  Petherwin  series  is  perhaps  the  true 
marine  type. 

This  Upper  Devonian  of  South  Britain,  which  occupies,  in  my  opinion, 
the  same  place  in  the  geological  series  as  the  uppermost  red  sandstones 
flanking  the  Silurian  region,  and  the  sandstones  with  plants  of  the 
North  of  Scotland,  is  well  represented  by  the  beds  of  Petherwin  (/  of 
the  section,  p.  2d4),  while  perhaps  a  somewhat  higher  member  of  the 
series  is  included  in  the  Barnstaple  and  Marwood  series. 

In  addition  to  Phacops  granulatus,  Clymeniie,  and  other  fossils  above 
mentioned,  the  Petherwin  beds  are  also  marked  by  the  presence  of  a 
minute  crustacean,  Cypridina  serratostriata,  Sandb.,  which  will  be  much 
spoken  of  in  treating  of  the  Upper  Devonian  rocks  of  Germany  (Chap- 

*  In  the  South  of  Ireland  these  Marwood  heds  are  exactly  represented  by  the 
<  Ooomhola  Qrits,*  of  which  hereafter. 
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ters  14  &  15) «  The  discoyeiy  in  Britain  of  this  small  crustacean  was 
made  long  after  the  distinguished  paleontologists,  the  Sandbergers,  had 
found  it  in  myriads  occupying  the  upper  schistose  and  calcareous  rocks 
of  the  Ehine,  which  Professor  Sedgwick  and  myself  had  formerly  shown 
to  pass  immediately  under  the  lowest  carboniferous  deposit,  and  to  be 
the  true  equivalents  of  our  Upper  Devonian  rocks.  The  observation 
of  E.  Sandberger  (for  he  first  detected  this  Cypridina  in  British  rock- 
specimens  sent  to  him)  has  therefore  been  peculiarly  valuable,  as,  by 
means  of  this  minute  but  characteristic  crustacean,  we  now  learn  con- 
clusively, that  the  limits  of  the  Devonian  rocks  in  S.  Britain  have  been 
correctly  defined ;  their  equivalents  in  Germany  being  similarly  distin- 
guished by  fossils. 

Devonian  Bocks  in  Ireland, — In  describing  the  Upper  Silurian  rocks 
of  the  Dingle  promontory  in  Ireland,  p.  189,  a  general  section  was  given, 
with  allusions  to  the  labours  of  Griffith,  and  to  those  of  Jukes  and 
Du  Noyer,  of  the  Irish  Geological  Survey,  to  show  that  the  strata  con- 
taining Wenlock  and  Ludlow  fossils  there  graduate  conformably  upwards 
into  a  vast  thickness  of  schistose  and  thin-bedded  sandstones  of  purple 
and  greenish  colours,  surmounted  by  conglomerates,  which,  £rom  the 
position  they  occupy,  must,  in  my  opinion,  represent  in  time  the  great 
mass  of  the  Devonian  rocks  of  some  countries  and  of  the  Old  Bed  Sand- 
stone of  others.  The  greenish  and  purple  flagstones  immediately  sur- 
mounting the  Ludlow  rocks,  are  followed  by  a  great  thickness  of  those 
hard,  green,  quartzose,  coarse,  gritty  rocks,  with  interlaminated  slaty 
layers,  to  which  the  name  of  GlenganfT  Grits  has  recently  been  assigned. 
From  their  hard  and  semi-crystalline  character,  whether  they  be  examined 
in  the  Dingle  peninsula*,  at  Glengariff,  or  in  the  lofty  mountains  (in- 
cluding Macgillicuddy's  Beeks)  around  the  Lakes  of  Eillamey,  it  is  little 
likely  that  fossils  will  be  detected  in  them.  They  usually,  indeed,  assume 
that  aspect  which  by  old  geologists  would  have  been  considered  best 
designated  as  '  grauwacke.* 

These  purple  and  greenish  grits  are  first  overlaid  conformably  (at 
least  near  Dingle)  by  sandstones  and  conglomerates  of  considerable 
thickness,  to  which  has  been  recently  assigned  the  local  name  of 
*  Dingle  beds.*  All  these,  however,  constitute  one  physical  mass,  the 
lower  part  of  which,  being  welded  on  to  the  Upper  Silurian  by  thin 
fissile  strata  above  noted,  may  pass  for  the  tilestones  of  the  Silurian 
region  of  England  and  Wales ;  whilst  the  chief  superior  masses  pro- 
bably represent  a  portion  of  the  group  in  which  'Comstones'  abound 
in  Shropshire  and  Herefordshire,  or  some  of  the  chief  masses  of  this  age 
which,  in  Devonshire,  are  slaty  and  gritty.  Although  there  are  some 
very  coarse  representatives  of  comstones,  calcareous  matter  is,  on  the 

*  I  use  tho  teiTn  *  Dingle  Peninsula '  as  most  expressive  of  the  rocky  mass  which 
lies  between  the  Bays  of  Dingle  and  Tralee. 
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whole,  veiy  scarce,  whilst  nothing  like  the  great  limestones  of  Devon 
has  been  detected. 

Let  me  here,  however,  observe,  that  on  the  continent  of  Europe  there 
are  many  large  accumulations  of  similar  tfftfossiliferous  rocks  with  an 
equally  antique  aspect,  which  occupy  exactly  this  place  in  the  geolo- 
gical series.  Thus,  amidst  the  slaty  and  siliceous  Devonian  rocks  of  the 
Bhine,  there  are  vast  thicknesses  of  strata  wherein  no  organic  remains 
have  yet  been  detected ;  their  age  being  only  made  known  by  a  rare 
calcareous  or  fossil-bearing  course. 

There  can,  indeed,  be  no  ambiguity  in  assigning  to  these  vastly  thick 
Irish  rocks,  immediately  and  conformably  surmounting  the  unquestion- 
able uppermost  Silurian,  their  true  stratigraphical  place;  particularly 
when  we  see  that  they  are  covered  not  only  by  a  very  full  series  of  car- 
boniferous rocks,  but  also  by  intermediate  red  conglomerate  and  sand- 
stone of  great  thickness,  to  which,  in  Ireland,  the  term  Old  Bed  Sand- 
stone has  hitherto  been  exclusively  applied. 

This  is  the  red  conglomerate  and  sandstone  {£)  of  the  section,  p.  189, 
which,  overlapping  conformably  different  members  of  the  imderlying 
rocks,  is  itself  conformably  overlaid  by  the  carboniferous  rocks  of  the 
South  of  Ireland,  of  which  it  forms  the  natural  foundation.  Seeing  the 
great  rupture  between  this  red  sandstone  and  conglomerate  and  all  that 
is  subjacent,  Mr.  Jukes  and  other  geologists  have  been  led  to  class  it  with 
the  lower  carboniferous  rocks,  including  the  yellow  sandstone  and  lower 
limestone  shale  and  slate  of  Griffith,  to  which  it  is  conformable  ;  and,  if 
the  organic  remains  which  occur  in  these  red  rocks  had  been  found  to 
accord  with  carboniferous  types,  the  suggestion  might  be  adopted.  But 
the  characteristic  fossils  of  the  superjacent  dark  grey  and  carbonaceous 
beds,  such  as  the  Bhynchonella  (Terebratula)  pleurodon  and  Spirifer 
cuspidatus,  have  nowhere  been  detected  in  these  red  strata ;  the  only 
remains  which  might  seem  to  connect  them  with  the  overlying  carbo- 
niferous strata  being  certain  fragments  of  plants,  apparently  common  to 
both,  though  of  these  even  no  mutual  specific  identity  has  yet  been 
established. 

On  the  other  hand  it  must  be  stated,  that  these  same  beds,  particu- 
larly in  the  district  of  Kiltorkan,  contain  species  of  fossils  wholly  un- 
known in  the  carboniferous  rocks.  Such  are  some  peculiar  Lycopo- 
diaceous  plants,  the  fern  originally  called  Cyclopteris,  now  Sphenopteris, 
Hibemica,  and  the  large  freshwater  shell,  Anodon  Jukesii,  Forbes. 

The  plant,  a  figure  of  which  is  here  given,  Foss.  77,  was  described  in 
1852  by  Edward  Forbes,  as  the  remains  of  one  of  the  oldest  tree-ferns  then 
known  to  us,  and  as  essentially  distinct  from  any  plant  of  the  Coal  period. 

Again,  in  these  strata,  the  teeth  of  a  Dendrodus  and  one  of  the 
dermal  plates  of  a  Coccosteus  have  also  been  found,  both  of  them  fishes 
known  in  the  Old  Bed  or  Devonian  period  only. 
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These  beds,  like  the  Upper  Old  Bed  in  many  other  countries,  simply 
form  a  natural  transition  into  the  Carboniferous  system. 

A  discordance  in  stratigraphical  arrangement  in  one  portion  of  a 

country  only,  cannot  set  aside  the  well-recorded  sequence  (without  any 

sort  of  break)  seen  in  the  other  parts  of  Britain  already  described.    For, 

if  the  fossils  of  the  overlying  mass  agree  most  with  those  of  the  true 

FcBsnii  (77).    Old  Bbd  Saiomtoki  Plant. 


Cydopteri*  Hiberniea,  Forbes,         ^L    ^H^^^^^K^t\  From  apeeiineiu  in  tlie  col- 

Report  Brit.  AflMC.  185S.       ^^  ^^  IKfi!^^^^  ^^  lection  of  the  Oeol.  Surrey. 


Old  Bed  Sandstone,  it  is  obvious  that  notwithstanding  the  break  which 
separates  the  Glengariff  grits  from  the  Bed  Sandstone  of  these  discord- 
ant members,  both  must  be  grouped  together. 

There  can  be  no  better  illustration  of  this  paleontological  axiom,  than 
the  fact  now  generally  recognized  throughout  Germany  and  France ;  viz. 
that  the  Lower  Carboniferous  rocks,  though  perfectly  and  conformably 
imited  with  the  subjacent  Devonian  rocks,  are  completely  separated  from 
them  by  fossil  remains.  On  the  other  hand,  there  has  been  throughout 
those  regions  a  great  and  general  break  between  the  Lower  Carboni- 
ferous, or  the  series  which  represents  our  Mountain  Limestone  and 
Millstone  Grit,  and  the  younger  or  overlying  coal  deposits ;  and  yet 
the  carboniferous  group  is  always  viewed  as  a  whole  on  account  of  the 
general  agreement  of  its  fossils,  both  animal  and  vegetable. 

Until  proofs,  therefore,  are  brought  forward  to  show  that  the  rocks  in 
L*eland  hitherto  termed  Old  Bed,  should,  by  their  fossils,  be  classed  with 
the  Carboniferous  system,  I  shall  continue  to  range  them  as  the  clear 
equivalents  of  the  upper  division  of  the  Old  Bed  of  the  N.E.  of  Scotland, 
including  the  Orkney  and  Shetland  Islands,  and  as  being  also  of  the 
same  age  as  the  Petherwin  beds  in  Devonshire,  and  of  the  plant-bearing 
Cypridinen-Schiefer  or  uppermost  Devonian  of  Germany, — a  band  which 
in  the  two  latter  countries  is  united  downwards  with  the  Devonian 
rocks,  and  upwards  with  the  lowest  carboniferous  strata. 

Li  this  view,  a  hiattts  is,  indeed,  to  be  accounted  for  in  Ireland  which 
is  unknown  in  the  Silurian  region  of  England,  as  well  as  in  the  parts 
of  Scotland  alluded  to.  Nor,  in  the  absence  of  fossiLs,  can  the  amount 
of  the  omission  be  properly  estimated.  But,  notwithstanding  this  dis- 
crepancy, the  great  fact  remains  undisputed — that  the  series  of  Glengariff 
schists  and  grits,  as  well  as  their  unconformable  cap  of  sandstone  and 
conglomerate,  are  all  clearly  intercalated  between  the  unquestionable 
uppermost  Silurian  rocks,  and  the  lowest  stratum  charged  with  those 
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characteristic  plantB  and  shells  by  which  geologists  recogDize  the  Car- 
boniferous system. 

In  subsequent  chapters  we  shall  see^  that  when  the  Devonian 
rocks  are  much  developed  in  different  parts  of  Europe^  and  in  the 
Rhenish  provinces  especially^  they  are  divisible  into  three  parts^  as 
in  Scotland  and  England^.  It  will  further  appear,  how,  in  other 
tracts,  and  particularly  in  Russia,  the  ichthyolites  of  the  Old  Red 
Sandstone  of  Scotland  and  the  marine  shells  of  Devonshire,  Ger- 
many, France,  and  Spain,  are  found  united  in  the  same  strata ;  thus 
demonstrating  the  synchronous  accumulation  of  deposits,  which, 
although  they  differ  considerably  in  mineral  aspect,  occupy  precisely 
the  same  stratigraphical  place  in  the  general  series  of  deposits. 

In  quitting  the  consideration  of  the  highly  diversified  and  im- 
portant group  of  the  Devonian  rocks  or  Old  Red  Sandstone  of  the 
British  Isles,  it  must  not  be  forgotten,  that  whilst  some  of  its  lowest 
members  have  rarely  afforded  traces  of  land  plants,  its  central  and 
upper  parts  in  Ireland,  Devonshire,  Scotland,  and  Shetland  contain 
numerous  vegetable  remains,  including  tree-ferns  and  probably  Cala- 
mites.  We  must  equally  remember,  that  the  latter  plants  are  asso- 
ciated, particularly  in  Scotland,  with  some  of  the  peculiar  ichthyo- 
lites of  this  epoch,  and  occur  in  strata  which  rise  out  from  beneath 
the  lowest  beds  of  the  carboniferous  rocks.  Besides,  in  ascending, 
we  also  first  meet  in  this  stage  with  that  assemblage  of  natural  pro- 
ducts which  might  be  expected ;  for  the  most  ancient  air-breathing 
reptile  which  has  been  discovered,  is  the  legitimate  associate  of  this 
early  land  vegetation. 

Other  and  much  more  numerous  terrestrial  plants  of  this  period 
will  be  afterwards  adverted  to  as  occurring  near  Saalfeld  in  Germany. 
In  fact,  the  uppermost  member  of  the  Devonian  and  the  lowest  of  the 
Carboniferous  are  sometimes  so  linked  together,  that  it  is  no  easy 
matter  (and  particularly  where  the  carboniferous  limestone  is  want- 
ing) to  draw  any  positive  line  of  asoological  or  botanical  separation 
between  these  groups.  Such  results  must,  indeed,  have  invariably 
followed  from  the  operation  of  natural  causes,  wherever  great  sub- 
aqueous deposits  were  quietly  and  successively  accumulated. 

*  See  the  triple  div^ision  of  the  Devonian  rocks  by  Sir  C.  Lyell,  Manual  of  Ele- 
mentary Otology,  p.  424. 
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CHAPTER  XII. 

CARBONIFEROUS  ROCKS. 

ORBAT  PBIMSYAL  FLORA  THB  80USCB  OP  THE  OLD  COAL  DBP06ITB. — 6ENIBAL   VIEW 
OP  THESE  DEPOSITS  AKD  THEIB   ORGANIC  REMAIirS   DT  THE   BRITISH   ISLES. 

Ascending  in  the  scale  of  deposits^  we  have  now  reached  another 
grand  accumidation  of  strata^  which  is  not  only  replete  with  many 
types  of  animal  life  peculiar  to  it  and  unknown  in  antecedent  periods^ 
but  is  specially  characterized  by  the  earliest  abundant  remains  of  a 
terrestrial  vegetation.  The  reader  will  remember,  that  the  feeblest 
traces  only  of  land  plants  have  been  discovered  in  the  great  mass 
of  the  Silurian  rocks ;  and  that,  even  where  their  uppermost  strata 
unite  with  the  Devonian,  they  have  been  very  sparingly  found.  In 
the  Devonian  rocks,  also,  such  remains,  as  before  stated,  are  com- 
paratively rare,  and  only  begin  to  abound  when  we  have  passed 
upwards  and  are  surroimded  by  the  spoils  of  the  oldest  extensive 
forests  with  which  we  are  acquainted. 

Now,  as  these  primeval  plants  were  the  substances  out  of  which 
the  great  mass  of  the  mineral  termed  coal  has  been  formed  (all 
naturalists  and  chemists  admitting  the  fact),  so  we  meet  for  the 
first  time,  in  mounting  up  fix>m  the  basement  rocks,  with  the  im- 
pressions and  casts  in  stone  of  numerous  plants.     Some  idea  of  the 


Ideal  View  op  the  Vegetation  op  th/  Carboniperous  Era. 
characters  of  the  rank,  luxuriant  vegetation  which  must  in  this  age 
have  overspread  very  wide  areas  of  land,  from  polar  to  nearly  equa- 
torial latitudes,  may  be  formed  by  inspecting  the  annexed  woodcut, 
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in  which  an  ideal  representation  is  given  of  a  portion  of  the  earth's 
surface^  as  clothed  with  plants^  the  fragments  of  which  bespeak  a 
rich  flora  of  vascular  Cryptogamia,  fossilized  stems  and  leaves  of 
which  are  frequently  to  be  detected  even  in  the  coal  itself.  In  the 
standard  work  of  Bronn^  von  M eyer^  and  Goppert^  which  gives  the 
most  complete^  general  tabular  view  of  ancient  nature  hitherto 
published*.  Professor  Goppert  estimates  the  total  number  of  known 
species  of  fossil  plants  of  what  is  here  considered  as  the  Carbo- 
niferous era,  as  934,  which  are  thus  distributed : —     - 

Plantje  934. — Cellulares,  including  the  Fungi,  Algae,  &c.,  19; 
Vasculares,  915 ;  of  which  772  are  cryptogamous  plants,  or  Ferns, 
Calamites,  Asterophyllites ;  and  94  are  phanerogamous  plants,  such 
as  Cycads,  Conifers,  &c. 

The  result  arrived  at  by  this  botanist  agrees  generally  with  that 
of  his  precursor  in  this  line  of  inquiry,  M.  Adolphe  Brongniart,  who 
first  gave  to  the  world  a  general  and  philosophical  view  of  the  distri- 
bution of  foimr  r  vegetation.  On  his  part  M.  Goppert  has  not  only 
added  considerably  to  the  number  of  species,  but  also  to  the  number 
of  coniferous  or  forest  trees. 

Both,  however,  of  these  eminent  men,  as  well  as  many  other 
botanists,  are  agreed  in  the  opinion,  that  as  the  great  mass  of  the 
plants  belong  to  the  vascular  cryptogamic  class,  the  conditions  of 
climate  under  which  such  vegetables  grew  in  very  various  latitudes 
is  a  phenomenon  ^er  se,  and  especially  characteristic  of  the  Carbo- 
niferous period.  These  plants  are,  in  fact,  as  decisive  of  the  Carbo- 
niferous period,  as  the  Trilobites  and  Graptolites  are  of  the  Silurian 
era.  But,  whilst  the  earlier  system  is  marked  by  its  submarine 
contents  only,  the  carboniferous  deposits  owe  their  chief  features  to 
the  actual  presence  or  contiguity  of  lands  covered  with  a  peculiar 
vegetation,  which,  disappearing  with  the  youngest  primeval  strata, 
now  called  Permian,  was  never  afterwards  reproduced  upon  the  earth. 
For,  no  one  of  the  floras  of  subsequent  geological  periods  possessed 
those  characteristic  features  of  rank,  gigantic  Cryptogamia,  indica- 
tive of  a  peculiar,  if  not  an  intertropical  climate,  which  so  promi- 
nently  marked  the  vegetation  of  the  earliest  great  woody  epoch. 

*  Broim*8  Gheschichte  der  Natur,  yol.  iii  all  of  them  ooour  in  strata  which,  formerly 

part  2.    Theeo-called  *  Transition '  plants  viewed  as  ancient  ^orauwacke^'  are  now 

of  Ck^ppert  are  included  in  this  list ;  be-  known  to  be  of  no  higher  antiquity  than  the 

cause  It  has  been  ascertained  that  nearly  lower  division  of  the  OarbonUerous  rocks. 
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In  most  of  their  stony  characters  the  successiye  strata  of  the 
Carboniferons  rocks  do  not  differ  essentially  from  many  which  had 
preceded  them.  Like  the  Silurian  and  Devonian^  they  contain  beds 
of  shale^  sandstone^  pebbles  or  conglomerate^  and  limestone^  thongh 
they  seldom  exhibit  a  true  slaty  cleavage^.  But^  when  examined 
more  in  detail^  they  vary  considerably  in  their  nature  and  contents 
in  different  parts  of  the  world.  In  subsequent  chapters  a  few  allu- 
sions will  be  made  to  these  variations  in  oth»  countries;  but  for 
the  present  we  will  take  a  cursory  view  of  some  of  their  features 
only  in  Britain. 

Ascending  order — Lower  Carboniferous  of  Ghreat  Britain, — ^In  the 
region  represented  in  the  map  annexed  to  this  work,  the  carboniferous 
rocks  are  most  fully  developed  in  the  great  South  Welsh  basin  of  Caer- 
marfchen,  Glamorgan,  and  Monmouth,  where  an  ascending  order  from 
the  summit  of  the  Old  Bed  Sandstone,  through  shale,  limestone,  sand- 
stone, and  grits,  upwards  into  an  enormously  thick  coal-field,  is  clearly 
exhibited  in  lofly  escarpments,  particularly  aroimd  the  northern,  east- 
em,  and  western  edges  of  that  grand  basin.  The  same  succession, 
though  on  a  minor  scale,  is  seen  aroimd  the  smaller  basin  of  the  Forest 
of  Dean,  and  again,  with  certain  mineral  varyitionB,  and  an  expansion 
of  the  lower  shale,  in  the  county  of  Pembroke. 

Towards  the  north,  the  calcareous  and  lower  members  of  the  series  are 
more  developed,  as  observed  in  the  Oswestry  coal-field,  and  in  Shrop- 
shire and  Flintshire,  than  in  most  parts  of  South  Wales.  This  expan- 
sion of  the  inferior  zone  of  these  rocks  towards  the  north  becomes  still 
more  striking  in  the  range  of  the  strata  from  Derbyshire  into  York- 
shire and  Northumberland,  and,  particularly,  in  the  south  and  central 
districts  of  Scotland. 

In  some  of  the  coal  tracts  within  or  adjacent  to  the  Silurian  region, 
as  at  Dudley  and  Wolverhampton,  the  whole  base  and  central  mass  of 
the  group,  or  the  carboniferous  shale  and  limestone,  are  wanting ;  the 
upper  productive  fields  there  reposing  at  once  on  Silurian  rocks  (see 
woodcut,  Sil.  Syst.  p.  466).  In  those  districts,  however,  and  along  the 
banks  of  the  Severn,  good  evidences  are  obtained  of  the  relations  of  the 
coal  strata  to  the  overlying  red  deposits  now  termed  Permian,  of  which 
hereafter. 

When  viewed,  therefore,  as  a  whole,  and  in  ike  region  of  the  coloured 

*  In  parts  of  Fnnoe  the  carboniferoiifl  Siohon,  I  obtained  spedmeiiB  of  Ghonetea, 

looka  are  rery  ciystaUine  and  slaty,  as  I  FhiUipsia,  Orthis,  inrodnotiis,  &o.,  of  Oar- 

liare  shown  in  a  memoir  on  the  enyirons  boniurous  speoiee,  in  1860.    In  the  S.  of 

of  Yichy:  Quart.  Joam.QeoLSoc.Tol.yiL  Ireland,    also,   the   lower    carboniferon* 

p.  14.    In  some  of  these  mnoh  dislocated,  strata  are  slaty, 
schistose,  and  gpreywacke-like  rocks  of  the 

x2 
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mapy  the  Carboniferous  group  (b  to  y)  may  be  stated  to  lie  between  the 
subjacent  Old  Bed,  a,  and  the  red  overlying  Permian,  h,  thus : — 

Genebal  Relations  op  the  CABBOinPEBors  Bocks  in  the  Ckktbal  and 
SouTHEBN  Pabts  OP  ENGLAND.     (See  Sil.  Syst.  p.  465.) 


abed  e  J  g 

a.  Upper  beds  of  the  Old  Red  Sandstone  (Devonian).  5.  Sandstone  and  lower  lime- 
stone shale,  c.  Carboniferous  limestone,  d.  Millstone  grit,  e.  Coal  and  ironstone. 
/.  Main  coal-fields,  g.  Upper  coal  with  a  peculiar  limestone,  h.  Red  sandstone 
(base  of  Permian  rocks,  her*  represented  <u  conformable  to  the  co€U,  but  ueualhf 
trarugreesive). 

As  it  is  impracticable  to  treat  in  detail  of  the  various  component 
parts  of  the  strictly  carboniferous  deposits  in  different  British  districts, 
a  very  slight  sketch  only  of  some  of  their  striking  peculiarities  is  at- 
tempted in  the  following  pages. 

Separated  from  the  upper  band  of  the  Old  Eed  Sandstone  by  beds  of 
dark  and  party-coloured  shale  (b  of  the  section),  the  mountain  limestone, 
<?,  is  the  dominant  rock  of  the  lower  division  in  the  South  of  England. 
The  massive  nature  of  these  calcareous  strata  and  their  vast  downward 
development  in  Derbyshire,  Yorkshire,  and  Northumberland,  have  been 
long  well  known  to  geologists.  Of  late  years,  attention  has  been  directed 
to  the  still  greater  expansion  of  the  middle  and  lower  strata  in  Scotland, 
where  so  many  beds  of  excellent  coal  and  much  valuable  iron-ore  are 
interstratified  with  various  bands  of  the  carboniferous  limestone,  of 
which  hereafter. 


Clipfs  op  Cabbonipebous  Limestone  neab  Stacepole. 
(Sketched  by  Lady  Murchison.     From  Sil.  Syst.  p.  382.) 

Within  the  region,  however,  of  the  annexed  map,  this  mountain  or 
carboniferous  limestone  (2000  feet  thick)  is  of  simple  and  uniform 
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structure,  and,  as  in  Ireland,  contains  no  coal-seams.  When  traced 
fdong  the  rim  of  the  great  South  Wales  coal-field,  or  from  Caermarthen 
into  Pembrokeshire,  it  is  exhibited  continuously,  in  bold  coast  cliffs,  par- 
ticularly in  the  promontory  of  Stackpole,  where  it  is  much  contorted,  as 
in  these  two  sketches.  The  first  of  them  represents  the  contortions  of 
the  rocks,  with  their  numerous  clefts  (the  master-joints  of  Sedgwick), 
which  by  the  power  of  the  waves  have  been  so  opened  out  as  to  form 
extensive  caverns,  as  seen  near  Bull  Slaughter  Bay.  The  next  is  a  view 
of  one  of  the  detached  folds  of  the  same  limestone,  known  as  Stackpole 
Eock.  Though  these  cliffs  seldom  exceed  150  feet  in  height,  yet,  being 
precipitous  and  abrupt,  they  present  a  very  rugged,  wild,  and  picturesque 
barrier  to  the  sea,  when  viewed  from  the  shore ;  rivalling,  indeed,  the 
bold  Northumbrian  coast  cliffs  of  the  same  age,  as  exhibited  between 
the  rivers  Alne  and  Tweed. 


Stackpole  Bock*. 
(Sketched  by  Lady  MurohiBon.    From  Sil.  Syst.  p.  870.) 

Having  alluded  to  the  convolutions  of  the  Pembrokeshire  limestone, 
it  is  right  to  explain,  that  the  violence  of  the  movements  which  produced 
them,  affected  still  more  remarkably  all  the  overlying  carboniferous 
rocks  of  that  region,  and  particularly  the  coal.  Thus  the  latter,  which 
is  there  nearly  idl  in  the  state  of  ciilmf  or  anthracite,  has  been  for  the 


•  These  etrildng  cliflE«  are  the  property 
of  my  esteemed  firiend  Earl  Cawdor,  whose 
chief  residence,  Stackpole  Court,  is  situated 
on  the  carboniferous  limestone,  and  whose 
other  Welsh  residence,  Golden  Grove  (see 
the  distant  edifice  in  the  sketch,  p.  56)  is 
on  the  Llanddlo  flags  of  the  Lower  Silu- 
rian rocks. 

t  The  yariations  in  mineral  character  of 
the  anthracitic  or  culm  trough  of  North 
Deron  (doubtless  a  mere  extension  of  the 


Pembrokeshire  coal-field)  have  been  par- 
tially adverted  to  in  the  previous  chapter. 
(See  p.  2S2,  and  section,  p.  294.^  One 
thin  course  of  black  limestone  with  Posi- 
donomyes  is,  in  N.  Devon,  the  true  repre- 
sentative of  the  great  massive,  white,  cal- 
careous cliffs  of  the  opposite  coast  of  Pem- 
broke, and  of  the  diversified  North  British 
series :  so  much  for  great  mineral  changes, 
within  a  few  miles,  of  the  same  rocks  in 
our  own  isles !     (See  p.  292  et  aeq.) 
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most  part  Bhiyered  into  small  fragments,  and  is  frequently  accumulated 
in  little  troughs  or  hoUows,  the  '  slashes '  of  the  miners.  Of  the  great 
kteral  pressure  and  violent  fractures  to  which  the  strata  have  been  sub- 
jected, the  following  woodcut  may  convey  some  idea. 


Slash  ov  Culm,  ik  Pbhbbokishibb. 


(From  Sil.  Syst.  p.  377.) 
6 


a.  Contorted  oulm  strata  with  stone-coal,  a*,    h,  Faalt.    c.  Slash  of  finely  triturated 
culm  between  violently  contorted  strata,  and  probably  upon  a  great  line  of  firaoture. 

All  these  convolutions  and  fractures  were  produced  long  after  the 
accumulation  and  solidification  of  the  deposits  under  consideration. 

Whilst  the  carboniferous  limestone  is  separated,  as  before  stated,  from 
the  Devonian,  or  Old  Bed,  by  shales  (which  in  Pembrokeshire  are  in 
parts  both  sandy  and  calcareous),  it  is  there,  as  in  most  other  districts 
of  England,  surmounted  by  light-coloured  sandstones  of  considerable 
thickness,  which  are  known  under  the  name  of  Millstone  Grit.  The 
following  section  of  the  general  succession  of  the  strata  in  Pembrokeshire 
exhibits,  at  one  view,  the  whole  order  from  the  Silurian  rocks  up  to  the 
productive  coal  above  the  millstone  grit. 

GSNXBAIi  ObPKB  Ur  PlMBBOKSSHIBB. 


0 

d             c 

h 

a 

CJoal. 

Millstone    Garb.  Inmost. 

OldUed 

Silurian. 

grit.       (Shales  at  base). 

Sandstone. 

To  pass,  however,  from  a  diagram  of  the  general  order  to  a  natural 
section,  the  English  student  may  examine  with  ease  and  in  a  small 
compass,  the  Carboniferous  series  frt)m  its  base  upwards  to  the  produc- 
tive coal  inclusive,  on  the  south-east  slope  of  the  Titterstone  Clee  Hill 
in  Shropshire  t.  Ascending  fi^m  a  depression  in  the  Old  Eed  Sandstone 
near  Cleobury  to  the  eastern  summit  of  that  hill,  he  will  pass  succes- 
sively over  the  three  divisions  of  limestone  and  shale,  millstone  grit, 
and  productive  coal ;  the  whole  being  capped  by  basalt,  which  is  seen  to 
have  been  erupted  through  the  entire  series,  and  to  have  overflowed  on 
the  top  of  the  hill. 

t  Any  one  who  is  desirous  of  under-  tical  mass  of  basalt,  rising  up  through 
standing  the  peculiarities  of  this  coal-field  the  strata,  are  explained,  as  well  as  the  ex- 
may  reter  to  the  *  Silurian  System,'  p.  118,  traction  of  coal  by  shafts  from  beneath  the 
where  the  prooft  of  the  existence  of  a  ver-  overlying  table  of  basalt. 
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The  Lower  Carboniferous  members,  or  the  shale,  limestone,  and  grit 
^y  c),  are,  however,  of  small  dimensions  in  and  around  the  Silurian 
region,  when  compared,  I  repeat,  with  their  representatives  in  Derby- 
shire, the  north  of  England,  and  particularly  in  Scotland,  where  they 

Section  acboss  thx  Cobkbbook  Coal  Basin  of  thb  Clbb  Hills. 
(From  SiL  Syst.  p.  118.  pi.  80.  f.  6.) 


A  •  A  a 

o.  Upper  beds  of  Old  Bed  or  Deronum.  h,  CarboniferouB  limestone  and  shale,  c. 
Muktone  erit.  d.  Coal-measures.  *  EruptiTe  basalt,  which  has  risen  through  and 
orerflowed  ihe  ooaL 

swell  out  into  a  vastly  thicker  series.  In  Pembrokeshire,  also,  these 
lower  carboniferous  rocks  expand  to  some  extent  and  begin  to  assume 
the  Irish  type.  They  contain  fishes  (Pal»oniscus  and  Psammodus)  with 
marine  shells  at  their  base.  In  the  north-western  parts  of  Lancashire 
and  Yorkshire,  also,  as  described  by  Prof.  J.  Phillips,  those  strata  consist, 
in  ascending  order,  of  the  Great  Scar  limestone,  estimated  to  vary  in 
thickness  from  600  to  1000  feet ;  followed,  in  the  west  of  Yorkshire,  by 
considerable  alternations  of  shale  and  limestone,  called  by  Professor 
Phillips  the  *Yoredale  Series,'  and  considered  by  him  to  be  about 
1000  feet  thick ;  while  the  whole  is  surmounted  by  800  feet  of  mill- 
stone gritf. 

Development  of  the  Northtmbrian  and  Scottish  Coal. — Besides  its  grand 
protrusions  of  basalt  and  greenstone,  the  bold  coast  of  Northumberland 
and  South  Berwickshire  exhibits  these  lower  carboniferous  limestones 
opening  out  into  different  courses  and  interlaced  by  copious  masses  of 
schist  and  several  coal-seams.  One  of  the  calcareous  bands,  near  to  the 
centre  of  the  group,  is  especially  characterized  by  the  Posidonomya 
Becheri  (Bronn).  Now,  it  is  to  be  specially  noticed,  that  it  is  through 
this  striking  species  (which  occurs  also  in  the  CaJp  of  Ireland)  that  the 
thin  beds  of  black  or  culm  limestone  in  Devonshire,  wherein  it  also 
occurs,  are  known  to  be  of  this  age  (see  section,  p.  294).  This  fossil 
is,  further,  of  frequent  occurrence  in  the  schists  and  '  kiesel-schiefer ' 
of  the  Bhenish  provinces  of  Prussia,  both  with  and  without  limestone, 
and  is  therefore  a  good  type  of  the  lower  carboniferous  age.  It  was 
by  such  proofs,  and  by  the  order  of  the  strata,  that  Professor  Sedgwick 
and  myself  showed,  how  the  Bhenish  schists  with  Posidonomyse  were 
the  exact  equivalents  of  the  British  carboniferous  or  culm  limestone  of 

t  See  the  memoirs  of  Professor  Sedg-  vol.  iv.  pp.  47  et  seq,)  ;  also  Phillips,  Geo- 

wick,  '  On  the  Oeneral  Structure  of  the  logy  of  Yorkshire,  toI.  ii.,  a  most  yaluahle 

Cumbrian  Mountains,'  and  '  On  the  Car-  monograph  of  the  native  county  of  the 

boniferous    Chain    fh>m    Penyghent    to  distinguished  author. 
Kirkby  Stephen '  (Trans.  Geol.  Soc.,  n.  s., 
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Devon,  and  how  the  sandstone  which  overlies  them  (the  *Jungepe 
Grauwacke,'  or  *  Flotz-leerer  Sandstein '  of  the  Germans)  is  the  repre- 
sentative of  the  British  millstone  grit  *. 

Ascending  from  the  uppermost  Old  Sed,  occasionallj  a  yellowish 
sandstone  characterized  by  the  Holoptychius  Andersoni  and  Pterichthys 
hydrocephalus  of  Agassiz,  the  lowest  carboniferous  beds,  as  seen  in 
the  counties  of  Haddington,  Edinburgh,  and  Fife,  consist  of  a  very  thick 
series  of  sandstones  and  shale,  laden  with  the  remains  of  plants,  and 
occasional  courses  of  limestone,  to  the  lower  mass  of  which  that  sound 
geologist,  Mr.  Charles  Maclarenf,  assigned  the  general  name  of  '  Cal- 
ciferous  Sandstones.'  In  the  environs  of  the  metropolis,  the  lowest  car- 
boniferous zone  ranges  from  near  Fortobello,  on  the  east,  to  Linlithgow, 
on  the  west ;  the  city  of  Edinburgh  being  entirely  built  out  of  its  excel- 
lent freestone.  It  also  contains  thin  layers  of  coal,  though  the  mineral 
is  rarely  of  sufficient  value  to  be  worked.  The  upper  portion  of  this 
lowest  member,  particularly  in  Edinburghshire  and  Eifeshire,  exhibits 
those  courses  of  limestone  (one  of  the  thickest  masses  being  known  at 
Burdie  House),  the  beds  of  which  are  charged  with  numerous  fossil  fishes, 
such  as  Holoptychius  Hibberti,  PalsBoniscus  Bobisoni,  Fygopterus  Buck- 
landi,  TJronotus  crenatus,  Megalichthys  Hibberti,  &c.  Some  fossils  of 
this  band,  including  the  shells  called  Unio  (Anthracosia  of  King),  with  * 
Cypris  or  Cythere,  have  been  referred  to  freshwater  origin ;  but,  on  the 
whole,  the  deposit  may  be  viewed  as  one  formed  in  brackish-water  bays 
or  estuaries,  in  which  large  and  predaceous  sauroid  fishes  prevailed. 

The  next  zone,  in  ascending  order,  and  in  which  lie  the  productive 
coal-fields  of  Scotland,  is,  on  the  contrary,  one  of  purely  marine  cha- 
racter, in  respect  to  its  fossil-bearing  limestones ;  since  all  these  cal- 
careous beds,  which  alternate  with  coal,  shale,  and  sandstone,  are  charged 
with  the  sea-shells  of  the  Mountain  or  Carboniferous  Limestone.  For, 
as  all  these  limestones  (of  which  the  Government  Surveyors,  Messrs. 
Howell  and  Geikie  J,  have  discovered  eight  distinct  beds  in  Mid-  and 

*  See  Trans.  Geol.  Soc.,  n.  s.,  vol.  tL  are  passing  through  the  press,  the  Her.  T. 
p.  228  et  seq.  Brown  has  transmitted  to  me  a  valuahle 
t  Geology  ofFifo  and  the  Lothiaus,  1839.  detailed  section  along  the  south  coast  of 
^  As  Director-General  of  the  Geological  Fife,  in  which  Mr.  Brown  shows  the  vast 
Survey  of  the  British  Isles,  it  is  my  duty  thickness  of  the  inferior  series  of  sand- 
to  explain,  that  all  the  progress  has  been  stones  and  shale  with  eight  calcareous 
made  in  Scotland  which  is  compatible  with  courses  and  five  beds  of  the  ordinary  car- 
the  limited  amount  of  publication  of  the  boniferous  or  Produetus  limestone,  the 
Ordnance  maps.  The  boundaries,  sub-  whole  being  in  great  undulations,  with 
divisions,  and  details  of  the  carboniferous  many  protrusions  of  igneous  roci,  and 
masses,  and  their  relations  to  Silurian,  Old  several  thousand  feet  in  thickness,  as  the 
Bed,  and  igneous  rocks  in  the  counties  of  Gt>vemment  Surveyors  have  also  shown. 
Edinburgh,  Haddington,  and  Fife,  or  He  has  also  detected  a  remarkable  bone- 
around  the  Scottish  metropolis,  have  al-  bed,  containing  Eurypterus  and  Holo- 
ready  been  defined  upon  the  six-inch  maps,  ptychius  Portlockii,  between  the  two  cal- 
and  will  soon  bo  published  in  the  usual  careous  zones  above  mentioned, 
one-inch  scale.    Again,  whilst  these  pages  An   able  and  luminous  sketch  of  the 
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East  Lothian)  are  ludeii  with  well-known  Producti,  Bellerophons,  Ortho- 
ceratites,  and  other  Mountain  Limestone  types,  the  true  geological  hori- 
zon of  the  great  Scottish  coal-field  is  absolutely  determined,  being  mani- 
festly older  than  the  chief  productive  overlying  coal-fields  of  England. 

A  general  conception  of  the  productive  Scottish  coal-fields  may  be 
gleaned  from  an  inspection  of  the  section  (p.  177)  representing  the 
order  of  the  geological  series  in  the  western  parts  of  Lanarkshire. 
There,  in  proceeding  upwards  from  the  Upper  Silurian  rocks  and  Old 
Bed  Sandstone,  the  succession  is  admirably  exposed  on  the  sides  of  the 
brooks  which  descend  from  the  higher  moorlands.  Li  these  ravines  the 
student  sees,  exposed  to  day,  the  manner  in  which  several  bands  of 
limestone,  charged  with  Producti  and  various  fossik,  alternate  with 
shfdes  replete  with  plants  and  seams  of  coal,  as  well  as  with  courses  of 
the  celebrated  calcareous  iron-ore  known  as  the  *  Black  Band*.' 

"We  have  yet,  however,  to  learn  the  precise  place  in  the  series,  of  the 
coal  strata  of  parts  of  Ayrshire,  which  are  extensively  overlapped  by  a 
red  sandstone  and  conglomerate  supposed  to  be  of  Permian  age.  Some 
of  these  coal-beds,  particularly  those  of  DumMesshire,  may  prove  to  be 
of  the  age  of  the  upper  coal-fields  of  England. 

Lower  Carboniferous  Rocks  in  Ireland, — Li  no  portion  of  Europe, 
except  Bussia,  are  the  Lower  Carboniferous  rocks  more  widely  extended 
than  in  Ireland,  and  at  the  same  time  so  little  productive  of  coal.  This 
is  doubtless  in  some  measure  due  to  the  fact,  that  by  far  the  greater 
portion  of  the  Lish  series  pertains  to  the  lower  carboniferous  divisions, 
which,  though  it  is  in  Scotland,  as  above  stated,  very  rich  in  coal  and 
iron,  exhibits  no  such  qualities  in  those  parts  of  England  which  lie  in 
the  same  parallels  of  latitude  as  the  mass  of  the  Lrish  rocks  of  this  age. 
Exclusive  of  the  strata  that  are  separated  as  being  of  Old  Bed  or  De- 
vonian age  (see  p.  302),  the  *  yellow  sandstone '  of  Griffith,  so  defined, 
where  it  is  interstratified  with  limestone  and  shale  containing  carboni- 
ferous fossils  with  StigmarisB,  as  in  Scotland,  is  the  oldest  member  of  the 
system.  This  is  followed  upwards  by  schists,  which  assume  a  slaty 
structure,  particularly  in  the  Cork  district,  and  alternate  with  courses 
of  limestone.  The  middle  portion  is  composed  of  the  great  lower  lime- 
stone, followed  by  the  dark  grey,  earthy  limestone,  known  under  the 
name  of  'Calp';  whilst  the  'Upper  Limestone'  of  the  midland  and 

Scottish  coal-fields  is  given  in  the  com-  edition  of  this  work  appeared,  I  yisited 

pendious  and  useful  work  of  Mr.  D.  Page,  these  localities  in  Lesmahago  parish,   in 

entitled  'Advanced  Textbook  of  Ghjology,'  company   with    Professor   Bamsay,   and 

wherein  the  student  will  find  that  the  under  the  guidance  of  Mr.  Robert  SUmon,  ' 

triple  division  of  the  Carboniferous  system  Surgeon,  of  that  place,  to  whom  I  have 

is  well  defined  (p.  137).  alr^y  alluded  as  the  discoverer  of  the 

*  See  the  memoir  *  On  the  Silurian  and  fossils  of  the  transition  strata  between  the 

Lower  Carboniferous  Bocks   of  Lesma-  Old  Red  Sandstone  and  Upper  Silurian 

hago,'  in  the  Journal  of  the  G-eological  rocks  of  the  same  tract.     The  great  mass 

Society,  vol.  xii.  p.  15,  &c.    Since  the  first  of  the  Old  Red  is  there  wanting. 
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southern  districts  of  Ireland  is  coyered  by  the  '  Millstone  Ghit  *  with  a 
little  coal. 

Beposing  conformably  upon  the  Bed  Sandstone  described  in  the  last 
chapter,  this  great  succession  of  sandstone,  limestone,  and  shale,  the 
latter  occasionally  affected  by  a  slaty  cleavage,  is  seldom,  indeed,  seen  in 
one  clear  and  consecutive  section.  Undulating  over  very  wide  areas,  it 
is  usually  much  obscured  by  gravel,  shingle,  and  clay.  Even  when  the 
limestones  form  natural  escarpments,  they  exhibit  no  seams  of  coal 
worthy  of  notice ;  as,  for  example,  on  the  south  bank  of  Lough  Erne, 
and  in  the  hOls  near  Florence  Court  to  the  south  of  EnniskiUen,  where 
they  exhibit  a  splendid  succession  and  numerous  fossils,  including  large 
Producti  in  the  lower,  and  Posidonomyse  in  the  higher  strata.  In  the 
Cork  district,  indeed  (where  the  lower  schists  are  so  slaty  and  crystal* 
line,  that  they  might  be  mistaken  for  much  older  rocks),  a  little  coal  of 
slight  value  has  been  found — a  very  feeble  representative  of  the  great 
Scotch  coal  deposits  of  similar  age. 

The  limestone  series  of  Ireland  is  proved  to  be  of  exclusively  marine 
origin,  from  the  multitude  of  well-preserved  fossils  it  contains ;  and  of 
these  Sir  Bichard  Griffith  (with  the  assistance  of  Professor  M'Coy)  has 
already  prepared  a  description  of  about  500  species*,  a  considerable 
number  of  which  are  stated  to  be  identical  with  those  of  the  Devonian 
rocks,  but  altogether  different  from  those  of  the  Silurian  system.  These 
lower  members  of  the  system  constitute,  as  before  stated,  by  far  the 
larger  portion  of  all  that  is  carboniferous  in  Ireland,  and  are  surmounted 
(but  very  partially)  by  grits  and  sandstones,  in  which,  at  four  localities 
(Kilkenny  in  the  south,  and  Ballycastle,  Dungannon,  and  Coal  Island 
in  the  north),  a  few  thin  beds  of  coal  are  situated;  but  as  they  are  of 
comparatively  slight  local  value,  and  have  no  special  bearing  on  the 
object  of  this  work,  I  refrain  from  saying  more  respecting  themf. 

The  Lower  Carboniferous  strata  hitherto  spoken  of,  or  the  sandstones, 
shales,  limestones,  and  grits,  are  all  over  Europe  and  North  America,  for 
the  most  part  of  marine  origin.  The  arenaceous  and  schistose  lower  strata 
have,  indeed,  strong  mineral  and  zoological  affinities  to  the  upper  portion 
of  the  underlying  Devonian  rocks,  into  which  they  graduate.  On  the 
whole,  however,  and  notably  in  its  great  central  masses,  this  lower  divi- 
sion is  distinguished  from  the  Devonian  by  its  chief  animal  remains, 

*  A  SvnopsiB  of  the  Charaoten  of  the  niously  applies  the  opinions  of  his  brother, 

Garboniterous  Limestone  Fossils  of  Ire-  W.  Rogers,  and  himself,  respecting  the 

land,  1844.  influence  of  great  paroxysmal  earthquakes 

t  Haying  under  consideration  the  enor-  which  afiboted  the  earths  crust  in  ancient 

mous  area  occupied  by  the  carboniferous  periods,  and  su^nests  how  the  alternations 

strata  of  North  America,  Professor  H.  of  terrestrial  anooceanic  remains,  to  which 

Bogers  endeavours  to  reconcile  the  con-  attention  has  been  called  in  this  diapter, 

flicting  hypotheses  respecting  the  origin  of  and  particularly  at  p.  316  et  aeq^  can  be 

ooaL     (See  Transactions  American  Assoc,  best  explained. 
Adv.  or  Science^  1842,  p.  438.)    He  inge- 
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including  certain  genera  of  fishes ;  and,  above  all,  bj  the  intermixture  of 
infinitely  more  terrestrial  plants  than  are  known  in  the  preceding  epoch. 
With  repeated  evidences  of  thin  seams  of  coal  being  intercalated  with 
bands  of  limestone  of  exclusively  marine  or  estuary  character,  it  is 
indeed  a  fair  inference,  that  much  of  the  vegetable  matter  out  of  which 
such  lower  coal  was  formed  had  been  often  transported  in  large  matted 
masses  from  the  mouths  of  great  rivers,  or  drifted  from  the  shores  of 
broad  jungles,  into  the  adjacent  seas,  and  so  became  commingled  with 
marine  remains. 

Upper  Carhoniferout  or  overlying  productive  Coalfields. — When  we 
examine  the  nature  of  the  great  overlying  coal  strata,  an  order  of  things 
is  opened  out  to  us  to  a  great  extent  different  from  that  which  prevailed 
during  the  formation  of  the  lower  coal. 

If,  indeed,  we  turn  to  Germany  and  Prance,  we  see  a  general  physical 
phenomenon  sufficient  to  explain  the  change  from  marine  to  prevailing 
terrestrial  conditions.  In  those  countries  the  lower  carboniferous  strata 
had  been  dislocated  and  inclined  before  the  upper  coal  deposits  began  to  be 
accumulated  on  their  edges,  and  hence  we  can  apply  to  the  latter  a  physical 
explanation  of  their  method  of  formation  which  is  quite  inapplicable  to 
the  former.  In  short,  the  origin  of  coal  in  the  younger  of  these  accu- 
mulations may  be  very  weU  accounted  for  by  the  depression  of  low 
woodlands  and  jungles  beneath  fresh  water,  followed  by  subsequent  eleva- 
tions and  depressions — ^phenomena  which  can  scarcely  be  admitted  into 
our  reasoning,  so  long  as  we  refer  to  the  submarine  state  of  things 
which  prevailed  in  the  older  Carboniferous  era,  many  of  the  strata  of 
which  must  have  been  accumulated  under  deep  seas. 

In  Britain,  however,  there  is  no  such  abrupt  severance  in  the  middle 
of  this  natural  series,  and  yet  we  there  see  the  same  changes  from 
marine  or  estuary  conditions  to  a  terrestrial  state,  as  in  those  regions 
which  have  undergone  a  great  physicfd  disturbance.  Thus,  in  the  thick, 
overlying  coal-fields  of  England,  whether  in  the  South  Welsh  basin,  or  the 
Newcastle  and  Durham  fields,  we  lose  all  traces  of  marine  life,  and  can 
recognize  only  huge  accumulations  of  lacustrine  or  fluviatile  origin.  In 
South  Wales,  where  the  upper  coal-measures  are  estimated  to  attain  the 
great  thickness  of  12,000  feet,  and  one  hundred  coal-beds  are  intercalated 
at  various  levels,  we  have  undeniable  evidence  of  successive  terrestrial 
conditions — each  of  these  coal-seams  having  immediately  beneath  it  a 
band  of  sandy  shfde,  called  under-clay,  and  abounding  in  Stigmaria,  or 
the  roots  of  Sigillaria,  one  of  the  plants  from  which  coal  has  been  gene- 
rated. For  this  important  fact,  science  is  chiefly  indebted  to  Sir  William 
Logan,  who  demonstrated  that  the  under-clay  of  the  miner  had  been  the 
soil  of  a  primeval  marsh  or  jungle.  (See  also  Mammatt's  Geological 
Facts,  Ac.  1834,  p.  73.) 

The  woodcut  in  the  beginning  of  the  chapter  is  intended  to  convey  a  * 
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general  idea  of  the  nature  of  the  wet  and  swampy  tracts  in  which  l^e 
vegetation  of  this  period  flourished. 

The  comparatiye  rarity  of  true  dicotyledons  or  forest  trees  in  this 
flora,  due  perhaps  in  part  to  the  rapid  decomposition  of  vegetable  bodies 
in  a  moist  intertropical  climate*,  is  as  remarkable  as  the  extraordinary 
uniformity  in  the  fia.milies  of  plants  of  which  it  was  composed.  These 
consisted  chiefly,  as  before  said,  of  Lepidodendra^  Equisetaceffi,  Astero- 
phyllites,  and  SigillarisB,  with  some  curious  extinct  pine-trees,  a  few  of 
which  resembled  the  living  Araucaria  of  Norfolk  Island.  Aa  many  of 
these  are  found  in  the  roof  of  the  coal,  and  sometimes  even  in  the  ooal 
itself  t,  there  can  remain  but  little  doubt,  that,  in  most  of  these  cases, 
the  mineral  resulted  from  the  decomposition  and  fossilization  of  the 
plants  which  grew  in  extensive,  marshy  jungles.  It  may  fairiy  be 
inferred,  that  this  conversion  of  vegetables  into  coal  took  place  at  a 
period  in  the  formation  of  the  crust  of  the  earth,  when  very  different 
physical  conditions  prevailed,  and  when  a  warmer  and  more  equable 
(though  probably  not  a  hot)  climate  pervaded  our  islands,  as  well  as 
latitudes  far  to  the  north  and  south  of  them.  The  view  which  supposes 
many  and  successive  subsidences  of  vast  swampy  jungles  beneath  the  level 
of  the  waters  best  explains  how  the  different  vegetable  masses  became 
so  covered  by  beds  of  sand  and  mud,  as  to  form  the  sandstone  and  shale 
of  such  coal-fields.  But  this  theory  of  oscillation,  or  of  the  subsidence 
en  masse  of  ancient  marshes  and  their  probable  re-elevation  (with  occa- 
sional sand-drifts),  though  good  in  such  examples  as  those  of  the  South 
Welsh  and  Newcastle  coal-fields  in  England,  as  also  of  the  large  coal- 
fields in  British  North  America,  to  which  Sir  C.  LyeU  has  called 
attention]:,  can  scarcely  have  an  application  to  those  other  seams  of 
coal,  which,  as  before  mentioned,  are  interstratified  with  beds  con- 
taining marine  sheUs,  the  animals  of  which,  such  as  Producti  and 
Spirifers,  must  have  lived  in  comparatively  deep  sea-water. 

In  such  examples  (and  most  of  the  older  coal-beds  come  into  the 
category)  we  may,  on  the  contrary,  endeavour  to  explain  the  facts  by 
the  supposition,  that  ancient  streams  like  the  present  Mississippi  and 
other  large  rivers,  which  flowed  through  groves  on  low  lands  and  mud 

*  See  Fawkshaw,  Proc.  Gkol.  Soc.  voLiii.  that  the  regetable  fibres  and  tissues  of  all 

p.  269.    The  reader  will  also  do  well  to  the  families  of  the  plants  of  this  era  are 

consult  Prof.  Lindley*s  notice  of  his  experi-  to  be  detected  in  the  ooal  itself.    In  some 

ments  in  decomposing  v^etable  bodies  layers  all  the  plants  are  calamites,  in  others, 

(see  Lindlej  and  Hutton's  *  Fossil  Flora  ferns.     (Quart.  Joum.  Gkol.  Soc.  toL  ▼. 

of  Ghreat  Britain,*  vol.  iii.  pp.  1-12).  part  2,  Mem.  p.  17.) 

t  Few  persons,  who  are  attentive  ob-  %  See  an  excellent  general  sketch  of  the 

serrers  of  the  fiiel  they  consume,  will  have  chief  carboniferous  deposits  of  Europe  and 

fiuled  to  detect  the  forms  of  plants  in  the  America,  with  illustrations  of  the  prevail- 

coal  itsel£     Gdppert  has,  inaeed,  demon-  ing  plants,  in  LyeU's  Manual  of  G^logy, 


strated,  hj  microscopic  examination  (and  1851,  24th  and  25th  Chapters ;  and  5th 
Witham  m  part  anticipated  him,  *Ob-  edit.  1855.  See  also  Ansted's  'Ancient 
scrvations  on  Fossil   Vegetables,'  1833),     World.' 


Digitized  by  VjOOQIC 


Chap.  XH.]  GABBONIFEBOUS  FOSSILS.  317 

banks,  transported  great  quantities  of  trees,  leaves,  and  roots  entangled 
in  earth,,  and  deposited  them  at  the  bottom  of  adjacent  estuaries,  or 
that  these  heaps  of  vegetable  matter  were  carried  as  floating  masses  into 
the  broad,  open  sea. 

The  coasts  of  Northumberland  and  Berwickshire,  as  well  as  the  largQ 
tracts  of  Scotland  already  alluded  to,  exhibit  fine  proofs  of  such  con- 
ditions. The  coal-field  of  the  Donetz  in  Southern  Bussia,  i,  e,  between 
the  Don  and  the  Dnieper,  was  described  by  myself  and  associates  as 
a  striking  example  of  the  method  by  which  these  older  carboniferous 
accumulations  were  brought  about.  There,  as  in  Scotland,  besides 
numerous  beds  of  shale  and  sand  with  remains  of  plants,  bands  of  lime- 
stone, charged  with  species  of  Productus,  Spirifer,  Bellerophon,  Nautilus, 
and  other  marine  shells  and  many  corals,  alternate  several  times  with 
grits,  sand,  and  shale  chai^d  with  coal*,  and  filled  with  casts  of  terres- 
trial plants,  including  tree-ferns,  Sigillariaa,  Equisetites,  Calamites,  &c. 

In  geology,  less  indeed  than  in  other  sciences,  can  we  ever  hope  to 
account  for  any  result  by  one  modus  operandi  only.  For,  nature  has 
evidently  worked  out  apparently  similar  phenomena,  through  distinct 
paths  and  by  different  processes ;  and  of  this  no  clearer  proof  can  be 
given,  than  that  coal  was  formed  out  of  vegetables  which  were  accumu- 
lated by  at  least  the  two  methods  above  described, — ^the  one  subaqueous, 
the  other  terrestrial  f. 

Oeneral  Observations  on  the  Organic  Remains, — In  treating  of  the 
general  physical  relations  of  the  Carboniferous  rocks  of  the  British  Isles, 
and  of  some  changes  which  they  have  undergone  beyond  the  region  of 
the  annexed  map,  it  has  been  stated,  that  in  the  South  of  Scotland,  with 
the  exception  of  the  lowest  strata,  •  which  are  of  estuarine  origin,  the 
greater  part  of  the  coal  is  interstratified  with  limestones  containing  the 
remains  of  marine  animals.  Most  of  the  fossils,  indeed,  of  those  coal 
tracts,  such  as  Nautilus,  Productus,  and  Spirifer,  with  Orinoidea  and 
Crustacea,  unquestionably  inhabited  the  sea. 

Even  in  the  lowest  or  estuarine  zone  of  Scotland,  large  sauroid  fishes, 
Megalichthys  Hibberti,  Agass.,  and  Holoptychius  Hibberti,  Agass.,  were 

*  See  'Bussia  in  Europe  and  the  Ural  the  'Fossil  Flora*  of  Lindley  and  Hutton. 

Mountains,'  vol.  i.  p.  89  et  seq.,  pi.  1,  and  The  same  subject  is  still  more  dereloped 

large  woodcut  showing  the  vertical  sucoee-  b^  M.  Adolphe  Bron^niart,  who  has  giren 

sion,  p.  111.  his  views  in  an  adnurable  sketch  of  the 

t  This  view  of  the  two  modes  of  for-  successive  floras  imbedded  in  the  crust  of 

mation  of  coal,  which  I  have  long  advocated  the  earth.    The  recent  publications  on  the 

(see  •  Bussia  in  Europe,*  loc,  cU.^  and  *  Si-  fossil  plants  of  Germany,  by  Gorda,  Gop- 

luria,*  p.  280),  has  b^  adopted  and  well  pert,  Unger,  and  Geinitz,  are  productions 

illustrated  by  Mr.  D.  Page  in  his  '  Ad-  of  high  merit.     In  comparing  these  works 

vanced  Text-book,*  p.  164 ;  and  it  is  follv  with  those  on  the  coal  plants  of  America, 

treated  on  in  the  last  edition  of  Mantell's  we  find  that,  hke  the  associated  marine 

'Wonders  of  Geology'  (1858).    llie  in-  animals,  the  same  species  inhabited  very 

quirer  who  wishes  to  study  the  British  distant    regions,    or   had   a  wide  range 

iossil  plants  of  this  period  must  consult  through  many  latitudes. 
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associated  with  the  shark-like  fishes,  Gyracanthiis  formosus,  G.  tuber- 
culatus,  Ctenacanthus,  Soc,  In  the  great  central  limestones  remains  of 
these  placoid  fishes  are  also  abundant.  Thej  are  chiefly  Cestracionts. 
Their  teeth  (Cladodus,  Diplodus,  Ac.),  or  the  hard  bony  palates  of  other 
genera, — Psammodus,  Cochliodus,  Helodus,  together  with  the  fin-defences 
above  mentioned,  are  the  only  parts  preserved ;  but  these  are  sufficient 
to  show,  that  they  were  very  numerous  as  individuals,  and  consisted  of 
many  genera.  These  must  be  studied  in  the  great  work  of  Agassiz,  or 
in  the  subsequent  publications  of  Egerton  and  other  authors*. 

It  is  in  the  purely  marine  or  central  limestones  of  the  Carboniferous 
epoch  that  the  geologist  takes  his  final  leave  of  trilobites.  Abounding 
in  the  Silurian  era,  these  crustaceans  had  dwindled  to  a  comparatively 
smaU  number  in  the  Devonian,  whilst,  in  the  Lower  Carboniferous,  the 
three  genera,  Phillipsia,  Qriffithides,  and  Brachymetopus,  mark  the  last 
appearance  of  any  individuals  of  this  family  in  the  ascending  scale  of 
primeval  deposits.  On  the  other  hand,  it  is  among  the  superior  coal 
strata  where  trilobites  became  extinct,  that  we  see  in  abundance  the 
true  Limulus,  a  genus  of  crustaceans  which  has  lived  on  to  the  present 
day ;  the  great  King  Crab  of  the  Indian  seas  being  the  existing  typef. 

Fossns  (78). 


Limulut  rotundatna,  Prastwich. 


FVom  the  Coalbrook  Dale 
coal-field. 


One  example  of  this  primeval  Limulus  is  here  given ;  it  is  a  rarer 
species  than  the  L.  trilobitoides  of  Buckland]:.  Limulus  anthrax,  Prest- 
wich,  also,  is  another  rare  form  from  Coalbrook  Dale§.  But  not  only 
are  there  Crustacea  of  the  Poecilopod  tribe  (to  which  the  King  Crab 
belongs)  in  the  coal,  but  other  Crustacea  of  a  higher  order.    Both  in 

*  See  *  Palibhthyologic  Notes,*  by  Sir        t  A  form  closely  allied  to  LixnolciB, 

Philip  de  M.  Grey  EsOTton,  Bart.,  M.P.,  but  having  the  segmentB  of  the  abdomen 

Quart.  Joum.  GeoL  Soc.  roL  iv.  p.  d02 ;  finely  articulating  with  each  other,  occurs 

▼oL  Y.  p.  829 ;  voL  Ti,  p.  1,  and  Nos.  4, 6,  in  the  Ludlow  rock.    It  is  thel^muLoides 

in  vol.  IX.    See  also  the  Decades  published  of  M*Goy,  and  contains  three  or   four 

in  the  Memoirs  of  the  Gholo^cal  Survey  species. 

of  Enffland,  in  which  that  distinguished        X  ^^  the  Bridgewater  Treatise,  t.  46''. 

naturalist  has  published  admirable  desorip-  fig.  8 ; — that  rery  remarkable  work  of  my 

tions  of  many  fossil  fishes.    The  coUec-  eminent  friend  the  late  Dean  of  West- 

tions  of  ichthyolites  made  by  Sir  P.  Eger-  minster. 

ton  and  his  associate,  the  Earl  of  Ennis-        §  Trans.  Qeol,  Soc.  vol.  v.  pL  41.  f.  1-4. 
killen,  are,  it  is  believed,  unriyalled. 
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the  S.  Staffordshire  coal-field  and  in  that  of  Manchester,  a  peculiar  form, 
probably  of  the  Schizopod  group,  occurs,  which  Professor  Huxley  has 
described  under  the  name  of  Pygocephalus  Cooperi ;  and  to  this  group, 
too,  most  probably  belongs  the  carapace  from  Coalbrook  Dale  figured 
by  Sir  Charles  Lyell,  Man.  G^eol.  6th  edit.  p.  388,  which  was  fitrst  referred 
to  Apus  by  Milne-Edwards,  and  more  lately  considered  a  crustacean  of 
the  Shrimp  family  by  Mr.  Salter.  Nor  must  we  omit  to  mention  the 
large  Eurypteri  found  in  the  Glasgow  coal-field,  and  first  described  by 
Hibbert  in  the  Trans.  Boy.  Soc.  Edinb.  vol.  xiii.  These,  with  some 
others,  an  Amphipod  ?  (Gampsonyi,  or  XJronectes  fimbriatus,  Jordan) 
from  Germany,  and  numerous  bivalve  Entomostraca,  chiefly  of  small 
size,  show  the  fauna  of  the  coal  to  have  been  rich  in  crustacean  forms. 

Here,  also,  we  last  meet  with  any  large  Orthocerata.  Those  scaven- 
gers of  the  ancient  seas  had  now  begun  to  diminish  rapidly,  and  with 
them  most  of  the  genera  of  Cephalopods  which  have  a  simple  form  of 
air-chamber,  their  office  being  taken,  in  the  Triassic  and  later  Secondary 
strata^  by  other  groups  of  Cephalopoda,  such  as  Ceratites,  Ammonites, 
&c.,  in  which  the  air-chambers  are  minutely  foliated  at  their  edges. 

The  true  characters  of  the  very  numerous  genera  and  species  of  fossils 
which  occur  in  this  group  must  be  studied  in  other  works ;  but  in  sup- 
port of  the  opinion,  that  the  corals  of  the  lower  division  often  lived  on 
the  spot  where  they  are  found,  a  woodcut  is  here  given  of  a  gigantic 
specimen  of  Lithostrotion  floriforme*,  Sil.  Syst.,  the  lower  parts  of  which 

Fossils  (79).    Cobal  ov  thx  MoTurTAiK  LiicxsToirs. 


Lithofltrotion  florifonne,  Fleming,  in  its  natural  position  in  the  rock. 

are  rooted  in  the  shale,  /,  whilst  the  superior  portion  is  imbedded  in  a 
limestone,  e,  with  a  mass  of  red  concretions,  rf,  d.  This  coral,  when  in 
its  native  bed,  appeared,  therefore,  to  be  precisely  in  its  original  position, 
and  conveyed  to  me  the  impression  that  it  had  remained  undisturbed 
beneath  the  sea,  whilst  fine  red  sand  at  one  time,  and  mud  with  cal- 


^  My  finend  Mr.  LonBdale,  who,  as 
before  stated,  described  all  the  corals  in 
the  '  Silarian  System,*  does  not  admit  the 
ffeneric  word  LontdaUa^  as  applied  to  this 
Form  by  M.  Milne-Edwu^s  j  he,  Mr.  Lons- 


dale, having  first  defined  and  limited  the 
genus  Lithoitrotion.  See '  Russia  and  the 
I7ral  Mountains,'  vol.  L  p.  602, 1846 ;  and 
Annals  of  Nat.  Hist.,  Not.  1861. 
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careous  matter  at  another,  were  deposited  around  it.  The  small  figure 
to  the  right  of  the  woodcut  represents  the  large  shell,  Productus  hemi- 
sphffiricus,  which  in  nature  is  four  inches  hroad,  and  shows  hy  compari- 
son the  very  great  size  of  the  coral,  which  has  a  width  of  two  feet  five 
inches*. 

The  large  Product!  are,  however,  of  all  its  fossils,  the  most  character- 
istic of  the  great  limestone  group,  the  same  species  being  found  in  this 
rock  through  many  degrees  of  latitude,  in  Europe,  Asia,  and  America, 
and  even  in  India  and  Australia.  A  few  of  these  fossils  are  exhibited 
in  the  next  woodcut. 

Fossils  (80).    Some  Fossils  op  the  Gabbonipxbous  Limestone. 


1.  Brachvmetopus  Ouralicus,  de  Yem.  2.  Pliillipsia  pustukta,  Schloth.  (P.  gem- 
mulifera,  Phill.).  8.  S^irifer  striatuB  ?  Mart,  sp^  4.  Fnxiuctus  giganteus.  Sow.  6. 
PleurorhynchuB  aliformiB,  Sow.    6.  Goniatites  orenistria,  Phillips. 

But  besides  these  numerous  evidences  of  the  presence  of  the  sea, 
freshwater  shells  (Unionid»)  every  now  and  then  occur  in  thick  layers, 
as  we  ascend  in  the  series,  and  are  among  the  most  characteristic  of  the 
upper  portions  of  the  formation. 

An  estuarine  intermixture  is  observable  in  coal-bearing  strata  of 
parts  of  Shropshire,  Staffordshire,  and  Lancashire.  It  is  well  seen  in 
the  district  of  Coalbrook  Dale,  where  remains  even  of  insects  allied  to 
the  Corydalis  of  America  are  found  associated  with  marine  and  fluviatile 
shells  and  land  plants.  The  figures  in  Foss.  81  represent  this  case  of 
intermixture  as  formerly  pointed  out  by  myself.    A  fuller  account,  how- 

*  See  Silurian  STstem,  p.  107.  The  coral  is  fivm  Lilleshall,  Shropeliire,  where  the 
limestone  rises  out  fivm  beneath  the  coal. 
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ever,  is  given  of  it  by  Mr.  Prestwich,  in  hia  elaborate  memoir  on  the 
strata  and  fossils  of  that  district*. 

Fobbub  (81).    Ikbbot  aitd  Shbllb  of  the  Coal. 


l.WingofCorydAliar 

Brongniarti,  Mao- 

teU. 
8.  Prodaetas  Ksbri- 

cnlua,  Scmnhj. 
3.  Unio  tcutua.  Sow., 

SiL   Sytt.    p.  105. 

C  Anthraeosia  acuta, 

King.) 


Other  provable  examples  of  such  associations,  indicating  the  contiguity 
of  land  on  which  plants  grew,  and  from  which  they  were  transported 
during  long  periods  to  marine  or  brackish  water  estuaries,  are  seen  near 

Fossils  (82).    Febk  tbom  Coal  of  Coalbbook  Dalb. 


PeoopteriB  lonchiticai  Brongn.     (From  Sfl.  Syst.  p.  106.) 

Shrewsbury  and  other  localities,  among  some  of  the  younger  coal  strata, 
which  at  Manchester  are  seen  to  be  of  very  great  thickness.  In  the 
environs  of  Shrewsbury,  small  shells  of  the  genus  CJyclas  (?)  and  valves 
of  the  minute  crustacean  Cypris  (or  possibly  the  marine  genus  Cythere) 
are  commingled  in  the  same  limestone  with  a  minute  shell,  originally 
termed  Microconchus  carbonarius,  but  now  referred  by  naturalists  to  the 
marine  or  estuary  genus  Spirorbisf.  The  above-mentioned  shells  may 
indeed  be  also  of  marine  origin. 


•  TnnB.  Qeoh  Soc.  Lond.  voL  r.  p.  413. 
One  of  the  plants,  PeoopteriB  lonchitioa 
(Brongn.),  which  is  g^ren.  in  the  lower 
woodcut,  is  associated  in  these  tracts  with 
fbrtj  or  fifty  spedaB  of  terreBtrial  plants 
belonging  to  Calamitaoee,  Polypocuaoee, 


and  Lyoopodiace».  Of  these,  the  Stig- 
maria  ficoides  (considered  to  bo  the  root 
of  Sigillaria),  Nenropteris  oordata^  Odon- 
toptens  obtusa,  and  the  Pecopteris  here 
figored,  are  perhaps  the  most  common, 
t  Some  of  the  ooal  sandstones  in  the 
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The  following  figures  (Foas.  83,  84),  formerly  published  in  the  *  Silu- 
FoBSiLS  (83).    Uffbbkobt  LiMEaTONB  OF  THS  Ck)AL.    (Fiom  SiL  Sjst.  p.  B4.) 


I .  Cypria  (or  Cytheropas?) 
inflatm,  natural  tise,  and 
magnified  IS  times.  9.  Cy- 
claa  (or  Edmondia?)/, 


3.  Modiola,  fromArdwick, 
Manchester,  in  a  aomewhat 
naiilarband  of  limestone. 
(From  SU.  Syst.  p.  84.) 


rian  System,^  explain  more  particularly  the  contents  of  this  peculiar 
limestone  of  the  coal  strata. 

FoBSiLB  (84).    Uppeemost  Lixebtonb  of  the  Coal.    (From  SiL  Syst  p.  84.) 


(|)  (^ 


MicroconchuB  (now  called  Spirorbis)  carbonariuB,  SiL  Syst.  The  real  size  is  giTen 
in  the  minutest  of  these  figures,  whilst  the  upper  figures  are  somewhat  magnified,  and 
the  lower  very  greatly  so.  *  *.  The  mark  of  attachment  to  some  small  cylindrical 
body. 

In  all  such  cases,  and  still  more  where  the  coal  is  intercalated,  as 
before  said,  among  purely  marine  animal  remains,  we  must  believe,  that 
the  vegetables  from  which  it  was  formed  were  carried  down  into  seas  or 
estuaries  fed  by  freshwater  affluents. 

Whilst  researches  in  all  parts  of  the  world  have  produced  only  one 


environs  of  Manchester  exhibit  on  their 
surfaces  the  clearest  indications  of  having 
been  shoro  deposits ;  certain  tracks  being 
marked  on  them,  of  animals  which  must 
have  crawled  at  ebb  tides.  Mr.  Binney 
states  also,  that  the  shells  of  the  above 
Spirorbis  occur  throughout  the  whole  of 
the  thick  series  of  the  LJeincashire  coal-field, 


and  thus  indicate  the  long-continued  action 
of  marine  conditions.  See  a  valuable  paper 
*  On  some  Trails  and  Holes  in  the  Carbo- 
niferous Strata,  with  Bemarks  on  Micro- 
conchus  carbonarius,'  by  Mr.  E.  W.  Binney, 
Transactions  of  the  Literary  and  Philo- 
sophical Society  of  Manchester,  voL  x., 
1861-62. 
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small  reptile  from  the  uppermost  Old  Bed  or  Devonian  rocks,  it  was 
stated  that  the  same  strata  afforded  comparatively  few  land  plants.  The 
appearance,  therefore,  of  land  plants  and  air-breathing  reptiles  was,  as 
far  as  our  evidences  go,  nearly  contemporaneous. 

With  the  proofs  in  our  possession  of  the  large  quantities  of  terres- 
trial vegetables  which  occur  in  the  Carboniferous  era  now  under  con- 
sideration, accompanied  as  they  are  in  numerous  cases  by  river  and  lake 
shells,  and  in  other  instances  by  insects  and  Arachnida,  it  might  be  ex- 
pected that  reptiles  would  also  be  procured  from  them ;  and  such  has 
proved  to  be  the  case.  The  first  discovery  of  this  nature  was  made  in 
the  coal-field  of  Saarbriick  in  Ehenish  Bavaria  (a  coal-field  also  rich  in 
insects),  wherein  two  species  of  Archegosaurus,  G-oldfriss,  have  been 
found, — ^a  reptile  which  Hermann  von  Meyer  supposes  to  be  a  con- 
necting link  between  Batrachians  and  Lizards. 

Since  then,  the  footsteps  of  a  large  reptile  allied  to  the  Cheirotherium 
have  been  observed  in  the  carboniferous  strata  of  Pennsylvania ;  and  Pro- 
fessor M'Coy  detected  in  the  Museum  of  Lord  EnniskiUen  the  remains 
of  a  smfill  allied  reptile  from  the  British  coal-fields,  which  Owen  has 
described  under  the  name  of  Parabatrachus  Colei.  The  labyrinthodont 
Baphetes  planiceps  (Owen)  was  found  in  a  coal-seamat  Pictou,  NovaScotia. 
Sir  C.  Lyell  has  also  communicated  the  still  more  interesting  account  of 
a  discovery  made  by  Mr.  Dawson  and  himself,  in  the  coal-field  of  South 
Joggins,  in  Nova  Scotia*,  of  a  reptile  called  Dendrerpeton  Acadianum, 
which  Owen  and  Wyman  consider  to  belong  to  the  perennibranchiate 
Batrachians.  With  this  reptile  were  associated  many  land  plants,  and 
the  shell  of  a  mollusk,  which  is  supposed  to  have  been  air-breathing :  if 
this  be  so,  it  is  the  first  true  land-shell  which  has  been  found  in  strata 
of  such  high  antiquity  f.  These  discoveries  afford  us  proofs  of  asso* 
ciations  of  organic  remains  which  we  might,  indeed,  have  anticipated* 

Even  in  our  own  islands,  footmarks  of  Sauroid  animals  have  been 
detected  and  described  by  Hugh  MiUer  J  from  the  coal-field  south  of 
Edinburgh;  and  again,  whilst  I  write,  the  impressions  of  the  feet  of 
another  sauroid  ?  animal  have  been  found  in  the  coal-field  of  the  Forest 
of  Dean  §. 

According  to  Professor  Owen,  these  last-mentioned  footmarks  (if  the 
want  of  regularity  will  permit  that  term)  might  have  been  produced  by 
the  wriggling  movements  of  a  Salamandroid  quadruped.  They  very 
much  resemble  the  impressions  called  Steropezoon,  Anomsepus,  and 
Triaenopus  by  Hitchcock ;  but  "  of  these  (Owen  adds),  no  more  definite 
idea  is  entertained  than  a  vague  one  of  their  having  been  produced  by  a 
kind  of  great  Newt-like  reptile." 

*  Quart  JouriL  GkoL  Soa  roL  ix.  p.  55.        §  ThiB  Bpecimen  is  in  the  Museum  of 
t  Ibid.  Tol.  ix.  p.  58.  the  Geological  Society,  and  was  sent  to 

X  See  '  Testimony  of  the  Bocks,*  p.  78.     me  by  the  Bev.  Charles  H.  Bromby. 
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In  the  earliest  wide  and  general  diffusion  of  a  copious  and  pecu- 
liar vegetation  above  spoken  of^  we  further  recognize  the  prevalence 
of  that  equable  temperature  and  similar  conditions  over  various 
latitudes^  which  must^  in  my  opinion^  have  also  existed^  to  a  great 
extent^  in  the  preceding  periods. 

The  specific  identity^  also^  of  many  of  the  brachiopods  of  the 
marine  or  Lower  Carboniferous  rocks  situated  at  enormous  distances 
in  latitude  from  one  another  (e.  g,  from  the  Arctic  circle  to  within 
a  few  degrees  of  the  Equator)  is  an  additional  and  strikiog  proof  of 
the  general  uniformity  of  temperature  and  conditions  during  this 
epoch. 
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CHAPTER  XIII. 

FEBMIAN  BOCKS. 

CHAKGBS  09  THB  FOBMXB  BITSTAOB.—Ollianr  GW  THB  TEBM  'PEBKIAK'  A8  APPUBD 
TO  THB  HIOHB8T  GBOXTP  OV  FBIICBYAL  DBPOSITB.  —  THB  PBBVIAir  BOOKS  OP 
BUS8IA,  OBBMAirr,  AND  BNOIAlfl). — THE  OBOAHIC  BBMAIN8  OP  THB  GBOUP. 

In  the  two  previous  chapters^  slight  allusions  only  have  been  made 
to  igneous  or  volcanic  materials^  ejected  and  spread  out  on  the  sea- 
bottom  contemporaneously  with  the  ordinary  sedimentary  deposits; 
for^  during  the  Devonian  and  Carboniferous  eras^  such  eruptions 
were  not  by  any  means  so  abundant  in  the  British  Isles  as  when 
the  Silurian  rocks^  and  especially  their  lower  divisions^  had  been 
accumulated.  (See  p.  83^  &c.) 

The  great  upper  coal-fields  considered  in  the  previous  chapter 
were  probably^  in  regions  like  Britain  and  America^  evolved  under 
conditions  which  geologists  would  consider  comparatively  quiescent. 
This  is  supposed  to  have  been  particularly  the  case  with  those  coal- 
beds  which  were  formed  by  repeated  depressions  of  low  lands  beneath 
the  waters^  followed  by  elevation  of  the  same  into  the  atmosphere^ 
and  the  consequent  restoration  of  a  terrestrial  surface.  The  dose^ 
however^  of  that  period  was  specially  marked  by  convulsions  and 
ruptures  of  the  crust  of  the  earthy  which^  firom  the  physical  evi- 
dences placed  before  us,  must  have  extended  over  very  distant 
regions.  Whatever  may  have  been  the  previous  changes,  it  was 
then  that  the  coal-strata  and  their  antecedent  formations  were  very 
generally  broken  up,  and  thrown,  by  grand  upheavals,  into  separate 
basins,  which  were  fractured  by  numberless  powerful  dislocations. 
The  order  of  ancient  sedimentary  succession  was  thus  very  widely, 
though  not  universally,  interrupted ;  and  all  the  strata  previously 
spoken  of  were  so  disturbed,  as  to  produce  a  prevalent  break  or 
discordance  between  the  carboniferous  deposits  with  subjacent  for- 
mations and  those  which  succeeded  to  them. 

This  disturbance  was  not,  however,  general ;  since  there  are  ex- 
ceptional tracts  in  which  the  carboniferous  and  overlying  Permian 
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deposits  are,  it  is  said,  in  apparently  conformable  relations  to  each 
other. 

The  general  eflFect  of  the  great  disseverment  alluded  to,  in  deter- 
mining a  former  outline  of  the  earth,  is  obvious;  for,  whilst  the 
Silurian,  Devonian,  and  Carboniferous  rocks  were  at  that  period  so 
heaved  up  as  to  constitute  portions  of  mountain  chains,  the  strata 
which  we  are  now  considering  have  been  for  the  most  part  spread 
out  in  lesser  elevations;  constituting  countries  with  a  lower  level. 
Notwithstanding,  however,  these  physical  changes,  the  animals  and 
plants  of  the  Permian  era,  though  chiefly  of  new  species,  are  gene- 
rically  connected  with  those  of  the  preceding  or  Carboniferous 
epoch  j  whilst  they  are  wholly  dissimilar  to  those  of  the  next  suc- 
ceeding period,  the  Trias. 

The  strata  which  were  accumulated  immediately  after  the  great 
deposits  of  coal,  have,  in  England,  been  severally  termed  Lower 
New  iK^ed  Sandstone,  Marl  Slate,  Magnesian  Limestone,  &c.  Similar 
rocks  have  been  long  known  in  Germany  under  the  names  of  Roth- 
todt-liegende,  Kupfer-schiefer,  Zechstein,  &c.  To  these  I  have 
united  an  inferior  portion  of  what  had  been  commonly  classed  with 
the  Bunter  Sandstein.  Having  become  satisfied  that  all  these  strata, 
so  different  in  mineral  character,  constituted  one  natural  group  only, 
which  must  be  distinguished  fix)m,  though  connected  with,  the  car- 
boniferous series  beneath,  and  which,  on  account  of  its  organic  con- 
tents, must  be  entirely  separated  fix)m  all  formations  above,  I  pro- 
posed in  1841*  to  my  associates,  de  Vemeuil  and  von  Keyserling, 
that  the  group  should  receive  the  name  of  Permian,  a  term  taken 
from  an  extensive  region  which  composed  the  ancient  kingdom  of 
Permia.  To  that  vast  country  the  illustrious  Humboldt  particularly 
called  the  attention  of  de  Vemeuil  and  myself  when  we  were  about 
to  revisit  Russia;  and  there  we  foimd  that  all  the  characteristic 
features  of  an  independent  assemblage  were  developed  on  a  very 
grand  scale. 

After  two  explorations  of  Russia  with  my  companions,  I  re- 
examined (1844)  those  portions  of  Germany  where  the  Zechstein 
and  its  associated  strata,  underlypg  as  well  as  overlying,  are  best 

*  The  term  was  first  proposed  in  a  letter  tologist  Dr.  Fischer,  October  1841.  See 
addressed  by  me  at  Moscow  to  the  vene-  Bromi  and  Leonhard,  Jahrbuch,  1841, 
mble  and  ivNX)mplished  Bussian  paleon-    and  Phil.  Mag.  yol.  xix.  p.  417. 
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displayed  j  and^  by  placing  these  in  parallel  with  the  Russian  and 
English  rocks,  my  views  were  confirmed,  and  thus  all  the  deposits 
above  mentioned  were  included  by  me  under  the  term  ^  Permian/ 

The  value  of  this  euphonial  name,  for  a  series  of  strata  composing 
one  natural  group,  soon  became  so  obvious,  that,  although  proposed 
only  in  1841,  it  was  soon  adopted  by  nearly  all  geologists  of  differ- 
ent nations. 

In  Germany,  where  the  Both-todt-liegende,  Kupfer-schiefer,  and 
Zechstein  had  long  had  their  head-quarters,  and  where  their  cha- 
racters had  been  described  by  numerous  geologists,  from  the  days 
of  Werner  and  Schlotheim  to  those  of  the  great  geologist  Leopold 
von  Buch,  whose  loss  we  deplore,  these  rocks  have  been  recognized 
in  the  works  of  Naumann  of  Leipsic,  of  Geinitz  and  Gutbier  of 
Dresden,  and  of  Goppert  of  Breslau,  as  the  ^  Permische  System*/ 

In  France,  the  late  M.  Alcide  d'Orbigny,  in  his  systematic  work 
on  Paleontologytj  and  other  authors,  have  given  currency  to  a 
name,  which  would,  indeed,  have  had  little  or  no  value  without  the 
close  paleontologies]  comparisons  of  my  colleagues,  de  Yemeuil  and 
von  Keyserling,  as  worked  out  with  me  in  the  easternmost  regions 
of  Russia  in  Europe. 

In  the  north  of  England,  the  different  deposits  which  are  now 
united  in  a  group,  were  admirably  described  by  Sedgwick  |,  who 
clearly  showed  their  relations  to  the  German  rocks  of  like  age. 
Subsequently,  the  organic  remains  of  the  Magnesian  Limestone 
have  been  illustrated  by  King§,  Howse||,  Kirkbylf,  and  other 
authors,  under  the  term  Permian ;  and  the  word  has  been  used  for 
some  time  in  the  construction  of  geological  maps,  and  by  Ormerod**, 
Binneytt^  Harkness:^:^,  and  other  geologists  in  local  descriptions. 

As  many  persons  may  not  have  access  to  the  lai^e  volume?  on 
the  geology  of  Russia,  in  which  a  full  description  is  given  of  ♦he 

*  See  Qeimtz  and  Gutbier, '  Permische  §  Monograph  Palieont.  Soc.  1866;  Anji. 

System  in  Sachsen/  1848.     Dresden  and  Nat.  Hist.  2  ser.  vol.  xyii. ;  and  Journal 

Leipsic.  Geol.  Soc.  Dublin,  vol.  rii. 

t  See  Gours  ^ementaire  de  PaL  et  G^l.  ||  Ann.  Nat.  Hist.  28er.  rol.xix.  p.38&c. 

Strat.,  par  Alcide  d'Orbign7,Tol.iL  p.  370.  %  Journal  of  the  Gteological  Society, 

t  Trans.  GeoL  Soc.  vol.  ii.,  n.  s.,  p.  87  vol.  xiiL  p.  218. 

et  seq.    My  friend  Professor  Phillips  had  ••  Joum.  Geol.  Soc.  vol.  vii.  p.  268. 

the  merit  of  having  first  suggested  that,  ft  Mem.  Lit.  &  Phil.  Soc.  Manchester, 

on  account  of  its  fossils,  the  *  Magnesian  vols.  xii.  and  xiv. ;  Quart.  Joum.  Geol. 

Limestone '  of  England  should  be  classed  Soc.  voL  xii.  p.  188. 

with  the  paleozoic  rocks.  Treatise  on  Geo-  %%  Quart.  Joum.   Geol.  Soc.  vol.  xii. 

logy,  p.  189.  p.  267. 
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leading  characters  of  the  group  in  that  empire,  and  as  I  wish  to 
put  the  reader  into  possession  of  the  reasons  for  the  adoption  of  the 
name  Permian,  a  few  passages  from  the  writings  of  myself  and 
colleagues  are  here  reproduced.  By  the  first  of  these  extracts  it 
will  be  perceived,  that,  in  describing  the  whole  structure  of  Russia, 
we  began,  as  on  the  present  occasion,  with  the  lowest  rocks  in 
which  any  traces  of  life  could  be  detected. 

"  Haying  worked  our  way  upwards  through  Silurian^  Deyonian,  and  Carbo- 
niferous rocks,  we  haye  now  to  describe  the  next  succeeding  natural  group. 
Spread  out  oyer  a  larger  surface  than  any  others  in  Russia,  the  rocks  in  question, 
with  certain  onoerlying  red  deposits,  which  we  cannot  separate  from  them,  occupy 
the  greater  part  of  the  Goyemmenta  of  Perm,  Orenburg,  Kazan,  Nijni  Noyo- 
gorod,  Yaroslayl,  Kostroma,  Viatka,  and  Vologda,  a  region  more  than  twice  the 
size  of  the  whole  kingdom  of  France ! "  * 

After  showing  to  what  an  extent  opinions  yaried  respecting  the  age  of  these 
Russian  deposits,  most  authors  referring  them  to  the  New  Red  Sandstone  or 
Trias,  others  to  the  Carboniferous  era,  it  was  next  obseryedf : — 

*'  Such  was  the  state  of  the  question  when  we  entered  upon  the  suryey  of 
Russia.  To  arriye,  therefore,  at  a  sound  conclusion  respecting  the  age  of  these 
rocks,  it  became  essential  to  trayerse,  as  far  as  possible,  the  countries  oyer  which 
they  extended,  and  compare  the  phenomena  which  had  led  to  such  contradictory 
opinions.  The  result  has  been,  that,  though  these  deposits  are  of  yery  yaried 
mineral  aspect,  and  consist  of  grits,  sandstones,  marls,  conglomerates,  and  lime- 
stone, sometimes  enclosing  great  masses  of  gypsum  and  rock-salt,  and  are  also 
much  impregnated  with  copper,  and  occasionally  with  sulphur,  yet  the  tcAofe 
group  is  characterized  by  one  type  only  of  animal  and  vegetable  Hfe. 

"  Conyincing  ourselyes,  in  the  field,  that  these  strata  were  connected  by  their 
organic  remains  with  the  carboniferous  rocks  on  the  one  hand,  and  were  inde- 
pendent of  the  Trias  on  the  other,  we  yentured  to  designate  them  by  a  geo- 
graphical term,  deriyed  from  the  ancient  kingdom  of  Perm,  within  and  around 
whose  precincts  the  necessaiy  eyidences  had  been  obtained. 

''With  the  highest  respect  for  the  labours  of  G^erman  geologists  upon  the 
Zechstein,  and  for  the  researches  of  those  authors  who  haye  placed  the  Magnesian 
Limestone  of  England  on  the  same  parallel,  we  are  conyinced,  that  neither  in 
Germany  nor  in  Great  Britain  do  the  same  accumulatiye  proofs  exist,  to  establish 
the  independence  of  a  geological  system.  If  mineral  characters  be  appealed  to, 
no  German  writer  will  contend,  that  the  thin  course  of  '  Kupfer-schiefer '  is  of 
like  importance  with  the  numerous  strata  which  in  Russia  constitute  many  bands 
of  yarious  structure ;  rendering,  in  fact,  the  Zechstein  itself  a  mere  subordinate 
member  of  a  yast  cupriferous  series.  Subordinate,  howeyer,  as  it  is  in  some 
tracts  of  Russia,  the  Zechstein  is  so  magnificently  displayed  in  others,  in  masses 
of  both  limestone  and  gypsum,  that  it  more  than  riyals  the  finest  sections  of 
that  deposit,  whether  to  the  south  of  the  Harz,  or  in  Thuringia.  We  object, 
howeyer,  to  a  lithological  name,  hitherto  reseryed  for  one  portion  only  of  a 
complicated  series ;  and,  as  the  Germans  haye  neyer  proposed  a  single  term  for 

•  Russia  in  Europe,  vol.  i.  ji.  157.  t  Russia  in  Europe,  p.  138. 
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the  whole  group,  which  is  hased  upon  the  Roth-todt-liegende,  and  surmounted 
by  the  Trias  *,  we  have  done  so,  simply  because  we  first  found  in  Russia  the 
requisite  union  of  proofe." 

Occupying  the  enormous  area  before  mentioned,  the  Permian  deposits  of 
Russia  are  flanked  and  underlaid  on  the  west,  east,  and  north,  by  upper  mem- 
bers of  the  carboniferous  rocks,  but  with  little  or  no  coaL  These  Permian  strata 
of  Russia  seldom  offer  a  mineral  succession  similar  to  that  of  fonnations  of  the 
same  age  in  Western  Europe ;  and  in  different  tracts  of  the  vast  region  explored, 
they  exhibit,  as  explained  in  the  preceding  quotation,  many  yariations  in  their 
mineral  and  organic  contents,  as  well  as  in  the  relative  position  of  the  component 
masses.  In  some  places,  as  on  the  river  Kama,  near  its  junction  with  the  Volga, 
cupriferous  red  grits  with  plants  underlie  the  chief  limestone,  and  are  succeeded 
by  mark ;  but  along  the  eastern  limits  of  the  group  where  it  is  flanked  by  the 
Ural  Mountains,  gypseous  limestones  seem  to  form  the  base,  followed  upwards 
by  the  red  copper  grits,  sands,  marls,  and  pebble-beds,  which  extend  on  all 
sides  around  the  city  of  Perm.  On  the  whole,  indeed,  whether  we  appealed  to 
the  sections  on  the  banks  of  the  great  Dwina,  above  Archangel,  or  to  the  western 
flank  of  the  Ural  Mountains,  or  to  the  banks  of  the  Lower  Volga,  near  Elazan, 


ThI   GlTBMATA  HiLLS  OF  THB   SoUTH   USAL  MOUNTAINS. 

As  Been  from  the  Steppes  of  Orenburg.     (From  Russia  in  Europe,  vol.  i.  p.  450.) 

localities  at  vast  distances  from  each  other,  we  found  that  the  limestones,  of 
which  there  are  several  bands,  often  interstratified  with  much  gypsimi,  prevailed 
towards  the  base  of  the  Russian  deposits. 
In  some  parts  of  the  region  salt  springs  occur.    These  may,  doubtless,  rise 

•  The  expression  in  the  original  should  read  thus :  "  for  the  whole  group  which 
includes  the  Itoth-todt'liegende,  and  is  surmounted  hjf  the  Trias"  &c. 
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from  solid  bodies  of  salt  in  older  paleozoic  rocks,  since  the  mineral  is  known 
to  occur  in  the  Old  Red  Sandstone  of  Livonia,  or  the  Devonian  of  Western 
Russia;  but  in  the  steppes  south  of  Orenburg,  the  masses  of  rock-salt  rise  to 
the  surface,  and  are  certainly  subordinate  to  true  Permian  red  deposits*.  These 
salt  beds  range  up  to  the  base  of  the  older  paleozoic  and  crystalline  masses  of 
the  South  Ural  Mountains  to  the  east  of  Orenburg,  the  strata  of  Permian  age 
being  visible  only  in  the  low  wooded  slopes  at  the  foot  of  the  rocky  chain,  as 
represented  in  the  preceding  vignette. 

Along  certain  portions  of  the  west  flank  of  the  same  chain,  the  Permian  strata 
occur  in  almost  apparent  conformity  to  the  carboniferous  rocks.  There  they 
have  manifestly  tmdergone  a  movement  impressed  on  them  by  great  forces,  di- 
rected from  north  to  south,  or  parallel  to  the  Ural  Mountains ;  all  the  strata, 
whether  carboniferous  or  Permian,  having  been  raised  up  and  thrown  off  shaiply 
to  the  westf.  From  the  Gurmaya  Hills  on  the  east  to  the  Hill  of  Girialskaya 
on  the  west,  the  following  succession  is  exhibited  in  ascending  order  in  proceed- 
ing from  the  Silurian  and  Devonian  rocks  of  the  Ural  chain : — Carboniferous 
limestone  with  the  usual  large  Producti  and  other  fossils,  passing  upwards  into 
carboniferous  flags,  with  slight  traces  only  of  coaL  These  rocks  are  followed  by 
the  Permian  group,  consisting  of — 1.  Sandstones  and  grits — ^limestones  in  various 
courses  with  fossils  of  the  Zechstein  of  Germany,  associated  with  marls,  gypsum, 
&c.  2.  Red  sands,  vrith  copper  ores  and  many  plants.  3.  Conglomerate  and 
sandstone,  with  plants  and  fossil  reptiles. 

At  the  Imperial  baths  of  Sergiefsk,  and  on  the  banks  of  the  river  Sok,  a 
tributary  of  the  Lower  Volga,  magnesian  limestone  and  marl  contain  gypsum, 
copper  ore,  native  sulphur,  with  sulphureous  and  asphaltic  springs  in  the  middle 
masses,  whilst  other  marlstones  and  white  limestones  constitute  the  summit 
A  considerable  volume  of  gaseous,  sulphureous  water,  which  forms  a  large  pool, 
issues  from  these  rocks.  (See  diagram,  'Russia  in  Europe,'  &c.,  vol.  i.  p.  168.) 

Near  Kazan,  about  150  miles  to  the  north  of  Sergiefsk,  huge  masses  of  gypsum  X 
(a),  rising  high  above  the  level  of  the  river  Volga,  are  surmounted  by  limestone 
cliffs  with  Zechstein  fossils  (6),  and  the  latter  by  red,  green,  and  white  marls 
(c),  as  here  represented. 

pBBHiAir  Deposits  itear  Kazan.     (From  *  Russia  in  Europe/  p.  162.) 
W.  E. 


posiU  of  gypium.    b.  Lime 
c.  R«d  and  green  thelly  marU,  with  Zechstein  types. 


a.  Thick  deposiU  of  gypium.    b.  Limestone  with  well-known  Zechstein  fossils. 
'  and  fl 


On  the  contrary,  in  the  central  tracts  between  the  Ural  Mountains  and  the 
Volga,  as  on  the  Dioma  and  Kidash,  tributaries  of  the  great  river  Kama,  the 
limestone,  which  in  some  tracts  assimies  a  definite  horizon,  and  is  underlaid  by 
coarse  grits,  is  repeated  at  various  levels  in  a  succession  of  beds,  interlaminated 

•  *  Russia  in  Europe,*  &c.,  vol.  L  p.  184.  spicuous  on  the  banks  of  the  Dwina  S.  of 

t  See  section,  *  Russia  in  Europe,  vol.  i.  Archangel,  where  they  form  white  cliffs 

p.  146,  and  *  Siluria,*  Ist  ed.  p.  296.  for  many  miles,  and  again  near  Finega, 

%  Cliffs  of  white  gypsum,  subordinate  where  myself  and  companions  examined 

to  the  Permian  rocks,  are  still  more  con-  them  in  the  year  1840. 
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with  saadstones,  as  well  as  yellow^  white,  and  greenish  marls,  occasionally  con- 
taining plants,  also  small  seams  of  impure  coal, — the  whole  being  surmounted 
by  red  grits  and  conglomerates,  with  copper  ore. 

Now,  the  calcareous  and  gypseous  deposits  which  interlace  this  series  are 
throughout  characterized  by  an  analogous  group  of  fossils,  and  eyen  by  some  of 
the  same  species,  as  the  Zechstein  of  Germany  and  the  Magnesian  Limestone  of 
England ;  whilst  the  beds- of  copper  grit,  with  the  greatest  part  of  the  red  con- 
glomerates, which  in  the  vast  undisturbed  region  of  Permia  are  uppermost,  con- 
tain bones  of  a  genus  of  reptiles  which  in  Germany  occurs  in  the  copper  slate 
beneath  that  limestone.  Plants  also,  which  are  genericaUy  allied  to  the  old  Carbo- 
nifereus  flora,  are  of  frequent  occurrence  in  the  governments  of  Perm,  Orenburg, 
and  Kazan,  where  they  often  lie  in  red  sands  and  marls  above  all  the  limestones. 
Several  indeed  of  these  vegetables  are  identical  with  species  described  by  Colonel 
Gutbier  from  the  argillaceous  beds  of  Zwickau  in  Saxony,  belonging  to  the 
Roth-liegende  beneath  the  2^hstein !,  and  Goppert  has  recently  generalized  the 
truth  of  this  datum. 

The  exploration  of  this  diversified  Permian  group  of  Russia,  therefore, 
taught  geologists  not  to  dwell  on  the  local  mineral  distinctions  of  Central  or 
Western  Europe,  but  to  look  to  the  wide  spread  of  certain  fossil  remains,  which, 
in  vastly  distant  coimtries,  occupy  the  same  general  horizon,  though  in  different 
subdivisions  of  a  group  which  clearly  lies  between  the  carboniferous  rocks  be- 
neath, and  aU  those  overiying  strata  which  are  called  secondary  or  mesozoic. 

The  survey  further  proved,  by  the  extension  of  some  of  these  fossils  upwards, 
into  red  and  green  marls  and  sands  far  above  the  chief  bands  of  limestone  with 
well-known  Zechstein  fossils,  that  the  Zechstein  could  no  longer  be  properly 
considered  the  summit  of  this  natural  group.  Let  us  now,  therefore,  consider 
the  natural  features  and  characters  of  the  group  in  Germany. 

Permian  Rocks  of  Germany, — ^Before  the  publication  of  the  work  entitled 
'Russia  and  the  Ural  Mountains,'  above  referred  to,  and  three  years  after  the 
word  Permian  had  been  proposed  by  myself,  I  re-examined  those  tracts  of 
Germany,  where  rocks  of  this  age  are  best  developed,  and  had  been  l(»ig  known 
through  the  writings  of  native  geologists.  Having  since  explored  these  lands 
upon  three  different  occasions,  during  the  first  two  of  which  I  was  accompanied 
by  Professor  Morris,  and  in  the  last  by  Mr.  Rupert  Jones,  a  condensed  view^ 
with  some  additional  illustrations  of  the  development  of  this  natural  group  in 
Germany,  is  offered. 

In  the  early  days  of  our  science,  when  Werner  and  his  contemporaries  clearly 
distinguished  the  different  strata  now  united  as  the  Permian  g^up,  it  was 
natural  that  geologists  should  have  adopted  the  names  applied  to  these  rocks  by 
the  miners  of  Saxony.  The  extraction  of  copper  from  a  widely  persistent 
but  thin  course  of  dark-coloured  cupriferous  schist,  necessarily  led  the  native 
workmen  to  assign  certain  names  to  the  strata  above  and  below  the  money- 
making  band.  Hence,  the  overlying  red  variegated  sandstones  being  generally 
named  'Bunter,'  or  variegated  sandstone,  the  limestone  beneath- this,  and  im- 
mediately above  the  copper  slate,  was  termed  'Zechstein*;'  the  whitish  and 

*  In  a  letter  to  myself,  Leopold  von  coin  ui  Gfermany,  because  this  calcareous 

Buch  suggested,  that  the  word  Zechstein  rock  was  the  cover,  which,  being  pierced, 

was  probably  derived  from  the  Italian  led  to  the  bed  of  ore  from  which  the  miner 

Zeochino,  or  Sequin,  formerly  a  well*known  derived  his  profit. 
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grey  pebbly  beds  subjacent  to  this  metalliferous  layer,  and  in  which  a  little 
copper  ore  is  also  occasionally  diffiised,  were  designated  '  Weiss-liegende ; '  and 
the  great  underlying  mass  of  red  conglomerates  and  sandstones,  in  which  no  trace 
of  ore  was  detectable,  received  the  expressive  name  of  '  Roth-todt-liegende,'  or 
the  Red  dead  underlier.  These  names  having  remained  attached  to  such  rocksy 
it  is  far  from  my  wish  to  disturb  any  one  of  them.  On  the  contraiy,  in  pro- 
posing the  term  Permian  I  wished  simply  to  show,  that  they  constitute  one 
natural  group  terminating  the  paleozoic  series,  as  seen  in  the  region  of  Permia. 
This  group,  distinct  from  the  coal-formation  beneath,  has  for  its  base  the  Roth- 
todt-liegende,  and  for  its  summit  the  lowed  member  only  of  the  great  deposit  of 
red  and  variegated  sandstone,  known  in  G^eimany  as  the  Bunter  Sandstein. 
This  view,  which  I  applied  to  the  Qerman  succession  after  my  last  exploration 
of  Russia  in  1844,  was  the  natural  result  of  the  similarity  of  the  f&una  and  flora 
of  this  age  in  both  countries. 

As  there  is  no  portion  of  northern  and  central  Germany  in  which  the  Permian 
group  is  more  obviously  separated  from  all  underlying  and  overlying  strata  than 
in  the  tracts  which  flank  the  Thiiringerwald,  let  us  first  consider  its  relations  in 
those  interesting  districts. 

Ranging  from  S.W.  to  N.E.,  the  chain  of  the  Thiiringerwald  is  mainly  com- 
posed in  the  former  direction  of  those  Silurian,  Devonian,  and  Lower  Carbonife- 
rous rocks  which  were  formerly  merged  under  the  term  *  Grauwacke,'  and  the 
relations  of  which  will  be  explained  in  a  subsequent  chapter.  Towards  its  north- 
eastern termination  the  nucleus  of  the  range  consists  of  crystalline  schists  pierced 
by  granitic  rocks  and  greenstone,  as  weU  as  by  porphyries,  which  throw  off  on  both 
the  south-western  and  north-eastern  faces  strata  composing  the  Permian  group. 
In  proceeding  from  the  S.  W.  to  the  N.E.,  or  along  the  axis  of  the  chain,  the 
observer  finds  that  he  is  travelling  along  a  ridge  chiefly  occupied  by  porphyries, 
both  black  and  red ;  the  latter  much  predominating,  and  constituting  the  highest 
watershed  of  the  wild  woodlands  known  as  the  Renn-steig. 

On  either  side  of  this  central  axis  there  are  valleys,  both  longitudinal  and  trans- 
verse, forming  deep  indentations  in  the  chain  itself,  in  some  of  which  there  are 
exceptional  outcrops  of  grey-  and  dark-coloured  schistose  beds,  occasionally  con- 
taining a  few  fossil  plants,  and  in  rare  localities  some  beds  of  coal.  These  strata, 
diflfering  considerably  in  mineral  character  from  the  Lower  Carboniferous  strata 
which  have  been  raised  up  with  the  Devonian  and  Silurian  rocks  of  the  S.  Thii- 
ringerwald, manifestly  belong  to  the  so-called  Upper  Coal  of  Germany.  Such 
coal  is  most  developed  at  the  southern  end  of  the  Thiiringerwald,  where  several 
beds  of  it  have  been  reached  by  shafts  which  pass  through  vast  thicknesses  of 
overlying  Roth-liegende.  Advancing  to  the  N.  W.,  these  deposits,  detected  at  but 
few  spots,  have  been  found  to  contain  coal  only  in  the  valleys  west  of  Hmenau, 
where,  in  the  vicinity  of  certain  eruptive  rocks,  the  coal-beds  are  brought  near 
to  the  surface. 

The  object  in  here  alluding  to  these  carboniferous  strata,  whether  productive 
of  fuel  or  not,  is  simply  to  point  out,  that,  wherever  they  can  be  observed,  they 
are  here,  as  in  other  parts  of  Germany,  transgressive  to  the  overlying  Roth- 
liegende.  Whilst  the  former,  judging  from  their  fine  lamination  and  imbedded 
fossil  plants,  resulted  from  tranqml  deposition  under  water,  the  latter  was  formed 
during  a  period  of  great  disturbance  of  the  surface,  accompanied  by  the  extrusion 
of  much  igneous  matter,  and  the  powerful  aqueous  translation  of  many  broken 
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materials  of  pre-existing  rocks.  It  is  by  the  unmistakeable  signs  of  such  causation, 
that  the  basement  strata  of  the  Permian  group  are  so  yiyidly  characterized,  and 
by  which  they  difier  so  essentially  from  those  which  preceded  them. 

In  truth,  various  rocks  of  igneous  origin  have  penetrated  the  Thiiringerwald 
from  a  very  early  period^  but  it  is  only  on  ascending  to  the  Roth-liegende  that 
we  are  surrounded  with  porphyry,  so  that,  as  well  laid  down  on  the  map  of  Cred- 
ner,  the  northern  part  of  the  chain  is  seen  to  be,  to  a  great  extent,  occupied  by 
red  porphyries  which  rise  to  the  highest  central  summits,  such  as  the  Inselsberg 
and  Schnee  Eopf,  the  latter  3300  feet  above  the  sea.  It  was,  therefore,  in  this, 
the  earlier  part  of  the  Permian  era,  that  these  grand  protrusions  or  eruptions 
took  place  from  S.E.  to  N.W.,  which  obscured  the  ancient  physical  direction  of 
the  slaty  rocks  that  trend  from  N.E.  to  S.  W.,  and  determined  the  axis  or  water- 
shed of  the  ridge  to  be  from  S.E.  to  N.W.,  or  at  right  angles  to  the  strike  of 
the  slaty  ridges. 

The  porphyries  which  ushered  in  a  new  series  of  deposits,  are  immediately 
flanked  on  either  side  of  the  Thiiringerwald  by  the  Permian  group,  which  is 
interposed  between  the  older  rocks  and  the  tranquilly  deposited  Trias.  Now, 
at  the  north  end  of  the  Thiiringerwald,  where  aU  such  older  rocks  subside, 
as  at  and  near  the  town  of  Eisenach,  the  core  of  the  chain  is  composed  exclu- 
sively of  a  splendid  development  of  Hoth-liegende,  succeeded  on  either  side  by 
all  the  other  members  of  the  Permian  group ;  the  whole  being  symmetrically 
united.  Here,  in  the  deep  valleys  excavated  in  the  Roth-liegende,  the  tourist 
meets  with  picturesque  clif&  amidst  a  luxuriant  foliage ;  and  here  it  is  that  the 
geologist  is  specially  invited,  with  the  map  of  Credner,  and  the  new  work  of  Senft 
in  hand,  to  study  the  characters  of  the  lowest  member  of  Permian  deposits, 
which,  in  this  neighbourhood,  is  expanded  to  the  vast  dimensions  of  at  least 
4000  feet 

This  fact  has  been  ascertained  by  boring  through  the  lowest  visible  portions 
of  this  great  accumulation  in  search  of  coal  to  the  depth  of  2600  feet  of  nearly 
horizontal  strata,  and  by  adding  to  the  subjacent  red  sandstone,  shale,  and 
pebble-beds  the  thickness  of  the  overlying  deposits  which  are  exposed  in  this 
hiUy  tract 

Fragments  of  the  silicified  plants  and  stems  of  Araucarites  were  found  in 
the  lowest  strata  which  were  bored  through,  similar  to  those  which  will 
presently  be  spoken  of  as  occurring  in  the  escarpments  of  the  Eyfhauser,  to  the 
south  of  the  Harz. 

The  reader  will  therefore  understand,  that,  thick  as  the  Roth-liegende  appears 
to  be  in  the  accompanying  woodcut,  which  I  prepared  last  summer,  after  re-exa- 
mining the  tract  in  company  with  my  able  instructor  Professor  Senft  of  Eisenach, 
and  Mr.  R.  Jones,  it  is  the  upper  portion  only  of  that  deposit  which  is  exposed. 
All  the  afioending  order  from  it  to  the  superjacent  Permian  rocks  has  now,  by 
the  recent  cutting  of  the  Frankfort  Railroad,  been  as  clearly  laid  open  to  the 
W.S.W.,  as  it  was  previously  on  the  eastern  or  opposite  side  of  Eisenach. 
The  reader  who  inspects  this  section  will,  therefore,  have  a  good  idea  of  the 
development  of  the  Permian  rocks  of  Northern  Germany,  with  the  exception  of 
the  lowest  beds  of  the  Roth-liegende. 

a.  At  the  north-eastern  extremity  of  the  Thiiringerwald,  the  mass  of  red  rock, 
a  in  the  section,  is  seen  to  be  covered  by  about  1400  feet  of  strata  of  red  breociated 
conglomerates,  sandstones,  and  shale,  terminating  upwards  in  the  light-coloured 


Digitized  by  VjOOQIC 


334 


SILUEIA, 


[Chap.  Xin. 


OQ 

M 


& 


g 

H 


I 
I 


or  whitish  conglomerate  which  supports  the  Kupfer- 
schiefer  and  Zechstein.  These  bands,  which  are 
well  exposed  on  the  sides  of  the  steep  hills  on  either 
flank  of  the  valley  of  Eisenach,  and  under  the  lofty 
hill  on  which  stands  the  old  Castle  of  Wartbuig, 
celebrated  as  the  residence  of  Luther,  have  been 
thus  named  by  Professor  Senft  in  ascending  order. 

b.  Quartz  conglomerate.  This  is  truly  a  breccia 
composed  of  angular  fragments,  chiefly  of  quartz  in 
a  red  matrix,  but  with  some  fragments  of  mica 
schist,  slaty  rocks,  old  porphyries,  &c  This  rock, 
though  extensively  denuded  in  the  valley  of  Eise- 
nach, rises  to  the  west  of  the  town  into  peaked  and 
turreted  masses  having  a  thickness  of  600  feet  It 
is  well  to  remark  here,  that  this,  as  well  as  the 
other  so-called  conglomerates  of  this  age  in  many 
parts  of  Germany,  are  essentially  angular  breccias, 
which  could  not  have  been  formed  by  the  rolling 
action  of  waves  on  a  shore,  but  must  have  been 
tumultuously  and  suddenly  heaped  together. 

c.  Dark  red  shale  and  sandstone,  260  feet.  These 
beds,  on  the  contrary,  mark  a  period  of  quiescence, 
when  the  finely  triturated  sand  and  mud  were 
accimiulated. 

d.  Granite  conglomerate,  also  an  angular  breccia; 
chiefly  distinguished  by  containing  fragments  of  a 
granite  now  unknown  in  the  Thiiringerwald,  but 
resembling  a  rock  stiU  visible  in  the  Harz.  This 
breccia,  with  interlaminated  bands  of  deep  red  sandy 
shale,  supports  the  Castle  of  Wartburg*. 

Folding  over  to  the  west,  this  last-mentioned 
rock  has  recently  been  tunneled  through  in  making 
the  new  railroad  to  Frankfort,  and  is  ascertained 
to  have  a  thickness  of  about  600  feet. 

Now,  whether  we  follow  these  rocks  to  the  west 
or  to  the  east,  we  find,  that  the  uppermost  portion 
of  the  granitic  brecciated  conglomerate,  dy  as  indi- 
cated in  the  section,  graduates  upwards  into,  and  is 
succeeded  by,  another  conglomerate,  e,  of  a  light 
grey  colour,  and  therefore  called  locally  the  '  Grau- 
liegendet,'  by  Senft.  This  is  the  '  Weiss-liegende ' 
of  most  German  authors,  and  lies  immediately 
beneath  the  Kupfer-schiefer.    Mineralogically,  it  is 


u 


*  This  is  the  castle  in  which  the  great  Proteetant  re- 
former, Luther,  was  secluded  by  the  Elector  of  Saxony. 

t  The  employment  of  this  term,  *  Grau-hegende,'  is 
unfortunate;  for  G^initz  appUes  it,  as  we  shall  pre- 
sently see,  to  the  lowest  member  of  the  deposit  near 
Dresden.     *  Weiss-hegende '  is  the  usual  tenn. 
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perfectly  united  with  the  subjacent  Roth-liegende  and  with  the  overlying  copper- 
date,  fy  by  the  diffusion  through  all  the  junction  beds  of  slightly  cupriferous  green 
earth.  Again,  in  ascending  still  higher,  an  equally  clear  transition  into  the 
overlying  limestone  is  seen  by  the  conglomerate  beds  becoming  somewhat  cal- 
careous and  cupriferous ;  whilst  in  other  parts  of  Germany,  as  near  Qera,  fossils 
even  of  the  Zechstein  have  been  found  in  this  conglomerate  stratum  subjacent 
to  the  Kupfer-schiefer.  Then  follows  the  thin  black  course  of  the  Eupfer^ 
schiefer,/,  with  its  numerous  and  well-known  fossil  fishes*,  which  is  succeeded 
by  the  thick-bedded  Zechstein,  g^  and  its  overlying  members,  which  are  dolo- 
mitic ;  these  being  covered  by  thin  layers  of  fetid  limestone,  the  *  stinkstein '  of 
the  Germans.  In  other  sections  on  the  sides  of  the  Thiiringerwald,  gypsum 
occurs,  and  occasionally  in  large  masses  in  this  upper  limb  of  the  limestone,  as 
at  Rheinhardts  Brunnen  on  the  east,  and  again  near  Liebenstein  on  the  west ; 
but  on  either  side  of  Eisenach  the  dolomite  is  simply  succeeded  by  thin-bedded 
upper  courses  of  fetid  limestone  or  stinkstein. 

Here,  however,  as  indeed  everywhere  in  this  region  of  Germany,  the  highest 
calcareous  layers  of  the  Zechstein  are  conformably  overlaid  by  red  shale  and 
sandstone,  somewhat  calcareous  in  some  of  its  beds,  and  passing  upwards  into 
flaggy  red  sandstone.  This  last-mentioned  rock  has  hitherto  been  classed  by 
native  geologists  with  the  overlying  Bunter  Sandstein,  into  which  it  passes. 
As,  however,  it  forms  the  natural  capping  of  the  Zechstein,  I  have  united  it  with 
that  rock ;  the  more  so,  as  throughout  large  regions  of  Russia,  it  is  in  marls, 
sandstones,  and  conglomerates,  lying  above  limestones  with  Zechstein  fossils, 
that  plants  and  Protorosauri  are  found,  which  are  identical  with  species  from 
the  Roth-liegende  of  Germany  beneath  the  limestone. 

In  addition  to  the  proofs  drawn  from  the  environs  of  Eisenach  f^  many  other 
sections  precisely  similar  might  be  cited  from  either  flank  of  the  Thiiringerwald^ 
the  details  of  which  are  given  elsewhere.  For,  whether  we  refer  to  the 
eastern  side  of  the  northern  portion  of  the  chain  at  Schmerbach,  Eabarz,  or 
Seebach,  or  to  the  western  side  at  Kupfersuhl,  Glucksbrunn,  and  Marksuhl,  the 
subdivisions  of  the  Permian  group  are  seen  to  be  naturally  united  X, 

A  similar  order  is  observable  in  the  undulating  region  which  extends  north- 
westwards from  Reichebdorf  to  the  banks  of  the  Fulda.  Whilst  the  Eupfer- 
schiefer  of  the  tract  around  Reichelsdorf  has  affi)rded  numerous  fossil  fishes 
and  other  remains,  it  is  on  the  right  bank  of  the  Fulda,  between  Rotheburgand 
Altmorschen,  on  the  north  side  of  the  ndlroad  leading  to  Cassel,  that  the  clearest 
evidences  are  afforded  of  that  transition  frt>m  the  Zechstein  upwards  into  over- 
lying sandstones  on  which  I  lay  so  much  stress.  There,  the  Zechstein  is  observed 
to  form  the  central  mass  of  the  red  hills,  having  in  its  higher  part  large  masses 
of  gypsum,  more  or  less  amorphous,  which  are  capped  by  thin  layers  of  fetid 

*  In  the  smmner  of  last  year,  and  Eisenach,  and  there  see  how  conformably 

before  I  paid  my  last  visit  to  the  environs  the  Zechstein  is  capped  by  the  red  '  Sand- 

of  Eisenach,  Mr.  Howse  had  examined  the  schiefer  *  (see  opposite  section), 

tract  in  company  with  Professor  Senft,  and  t  ^^  detailed  illustrations  of  this  order 

had  detected  in  the  Kupfer-schiefer,  near  of  the  Permian  rocks  on  the  flanks  of  the 

EppichneDen,  a  splendid  specimen  of  a  Thiiringerwald,  see  the  transverse  sections, 

fossil  fish.  pL  8,  whidi  accompany  M.  Credner's  Geo- 

t  The  explorer  who  has  only  a  few  hours  logical  Map.     Also  the  memoir  by  myself 

at  his  disposal  should  walk  up  the  high  and  Professor  Morris,  Quart.  Joum.  Geol. 

ground  called  Gdppels  Huppe,   S.E.  of  Soc.  vol.  xi.  p.  424,  with  sections. 
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limegtone.  The  latter,  parting  with  their  calcareous  matter  in  the  superior 
layeiSy  gradually  pass  up  into  red  schistose  and  flagstone  layers,  and  red  and 
green  marls ;  the  whole  covered  by  whitish-coloured  pebbly  sandstones.  All 
this  succession  is  often  clearly  exposed  in  one  and  the  same  hill,  the  strata  being 
slightly  inclined  to  the  north. 

A  like  succession  is  ftirther  traceable  along  the  eastern  fiace  of  the  older 
schistose  rocks  (chiefly  Devonian),  which  range  from  Marsberg  and  Arolaen  by 
Sachsenhausen,  and  are  even  traceable  at  Marburg.  Reappearing  in  the  broad 
Permian  tracts  of  the  Wetterau,  the  same  relations  are  prolonged  to  the  environs 
of  Hanau,  east  of  Frankfort  on  the  Maine  *. 

In  all  these  countries,  and  throughout  the  region  between  the  Thiiringerwald 
and  the  Harz,  there  is,  I  maintain,  no  difliculty  whatever  in  separating  the  red 
rocks  which  form  the  natural  cover  of  the  Zechstein  from  the  great  formAti(»i 
of  Bunter  Sandstein.  The  latter  is  naturally  connected  with  the  Muschelkalk; 
and  forms  the  true  base  of  the  Trias.  On  this  point  it  may  fiirther  be  observed, 
that  in  no  part  of  Germany  has  there  been  detected  in  the  sandstone  forming 
the  cap  of  the  Zechstein  a  fossil  which  can  be  referred  to  a  mesozoic  age; 
whilst  the  only  plant  found  in  that  red  rock  is  the  Calamites  arenarius  (Ad. 
Brongn.),  which  is  manifestly  a  paleozoic  form. 

Reverting  to  the  great  inferior  member  of  the  Permian  group,  attention  should 
be  specially  paid  to  its  extraordinary  variation  in  thickness — a  characteristic 
feature,  indeed,  of  all  conglomerates.  Thus,  whilst,  as  above  cited,  it  has  a  thick- 
ness of  4000  feet  at  Eisenach,  yet,  near  Schmerbach  and  Seebach,  a  few  miles 
only  west  of  that  place,  where  porphyries  rise  up  behind  it,  no  more  than  100  or 
200  feet  of  this  deposit  are  exposed ;  and  yet  we  there  see  quite  as  dear  and 
conformable  a  transition  from  the  red  rock  beneath  into  the  ^Weiss-liegende' 
above  it,  and  thence  into  the  Kupfer-schiefer  and  the  overlying  members,  as  in 
the  large  diagram  at  p.  334. 

Permian  Mocks  surrounding  the  Cham  of  the  Sarz. — ^The  older  sedimentary 
rocks  constituting  the  nucleus  of  the  Harz,  and  the  chief  eruptive  rocks  of  that 
remarkable  region,  will  be  described  in  a  subsequent  chapter.  The  Permian 
deposits  which  form  a  girdle  around  that  mountainous  mass  which  trends  from 
W.N.W.  to  E.S.E.,  or  nearly  at  right  angles  to  the  original  direction  of  the 
older  and  elevated  rocks,  are  quite  analogous  in  their  general  relations  to  those 
of  the  Thiiringerwald  and  the  broad  tracts  to  the  west  of  it;  but  there  are  local 
features  peculiar  to  the  Harz  which  demand  notice.  As  around  the  Thiiringer- 
wald we  equally  well  see  the  same  ascending  order  of  the  three  chief  subdivisions, 
all  symmetrically  united  in  one  physical  group,  which  is  separated  from  the 
Upper  Carboniferous  rocks  beneath,  and  from  everything  Triassic  above  it ;  in 
like  manner,  also,  the  conglomerates  of  the  Roth-liegende  are  found  to  be  local 
accumulations  only,  extremely  thick  in  some  places,  and  very  thin,  or  even  dying 
out,  in  others. 

*  The  divieions  of  Both-liegende,  Zech-  from  the  Zechstein  of  the  Wetterau  is  in 

stein,  and  Lower  Banter  Sandstein  were  the  posBesaion  of  M.  Boessler  of  Hanaa. 

so  correctly  laid  down  by  M.  Ludwig  in  Numerous  Permian  species  of  moUusks, 

the  Geological  Map  of  the  country  to  the  corals,  and  entomostraca^  which  are  oom- 

N.E.  of   Prankfort,    that  tiie   geologist  mon  to  Britain  on  the  west  and  Russia  on 

has  but  to  unite  these  three  under  one  the  east,  are  found  at  the  locahties  of 

name,  and  he  has  at  once  my  Permian  Selters,  Bleichenbaohi  Haigrunden,  Budin- 

group.    The  finest  collection  of  the  fossils  gen,  Buokingen,  Niedenoderbad,  &o. 
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Referring  to  other  works  *  for  such  yariatioiis  of  detail 
exhibited  by  the  Roth-liegende  and  overlying  deposits,  as 
seen  in  the  environs  of  Mansfeld  and  Eisleben,  let  me  here 
reproduce!  one  long  woodcut  published  by  Sedgwick  and 
myself  twenty  years  ago,  which  shows  at  a  glance  the 
Permian  succession  to  the  south  of  the  Harz  in  a  district 
where  the  deposits  are  expanded. 

There  are  still,  however,  two  features  in  the  Permian 
group  as  exhibited  in  the  region  around  the  Harz,  which 
deserve  more  notice.  These  are,  that  the  lower  members 
of  the  Roth-liegende,  which  are  not  exposed  at  Eisenach 
(p.  334),  are  much  developed ;  and  next,  that  the  upper 
member  of  the  Zechstein  is  more  largely  composed  of  masses 
of  gypsum,  often  amorphous,  and  attaining  enormous  di- 
mensions. 

Although  there  are  many  spaces  along  the  southern  and 
eastern  flanks  of  the  Harz,  where  the  upper  member  of  the 
Roth-liegende  is  well  exhibited,  particularly  in  its  rela- 
tions to  the  overlying  Zechstein,  and  of  which  proofe  have 
already  been  given,  the  tract  where  the  inferior  member 
i^  as  £ur  as  I  Imow,  most  fully  displayed  is  on  the  northern 
escarpment  of  the  bold  Permian  outlier,  the  Eyfhauser; — 
so  called  from  the  ruins  of  an  imperial  residence,  of  that 
name,  which  stands  on  one  of  the  north-eastern  summits 
of  this  hilly  and  insulated  mass. 

On  proceeding  from  Stolberg,  and  its  old  rocks,  on  the 
south  flank  of  the  Harz,  and  reaching  the  town  of  Eelbra 
in  the  rich  valley  termed  the  Goldene  Aue,  the  surface  of 
the  red-coloured  arable  fields  is  seen  to  be  studded  vrith 
fragments,  often  2  or  3  feet  long  by  1  or  2  feet  in  diameter, 
of  silidfied  stems  of  fossil  trees,  which  for  the  most  part 
belong  to  those  plants  termed  Araucarites  and  Psaronites ; 
the  latter  being  unknown  in  any  other  deposit  save  the 
Hoth-liegende  of  the  Permian  group. 

Standing  on  this  red  plain,  the  spectator  has  in  face  of 
him,  to  the  south,  a  noble  escarpment  rising  to  upwards 
of  a  thousand  feet  high,  the  whole  of  which,  ranging  west- 
wards from  the  ancient  tower  of  the  Kyf  hauser  by  the 
Rotheberg,  is  composed  of  various  strata  of  the  Roth- 
liegende,  whether  of  pebbly  beds,  sands,  or  shales,  piled 
'  symmetrically  on  each  other.  In  parte,  as  near  the  well- 
Imown  and  picturesque  Hermitage  on  the  Rotheberg,  so 
much  frequented  by  German  summer  tourists,  the  deposits 
.  have  been  broken  through  by  eruptive  rocks — chiefly  sye- 
nitic  greenstone ;  but  a  little  to  the  west  of  this  disturbance, 
all  the  strata  are  admirably  exposed  in  the  sides  of  the 

*  See  memoir  by  myself  and  Prof.  Morris,  Quart.  Joum. 
Oeol.  Soe.  vol.  xi.  p.  409. 
t  From  the  Trans.  Geol.  Soc.,  2nd  ser.,  vol.  vi.  p.  286. 
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great  high-road  leading  to  Frankenhaufien,  which,  by  a  series  of  traTeiseSy 
mounts  up  to  the  summit  of  the  hills.  Now,  whether,  in  making  that  ascent^ 
we  examine  the  base,  as  composed  of  finely  laminated,  earthy,  deep  red  sand- 
stone, or  the  middle,  of  harder  and  thicker-bedded  sandstones,  or  approach 
the  summit,  where  light-coloured  pebbly  beds,  used  as  miUstones,  are  largely 
quarried — the  latter  being  coyered  by  other  red  marls  and  sandstones, — ^we  find 
throughout  numerous  fossil  trees,  regularly  imbedded,  and  lying  either  in  hori- 
zontal positions  or  slightly  oblique  to  the  strata*. 

To  the  west  and  south-west,  these  noble  masses  of  red  conglomerate  and  sand- 
stone, followed  \fy  other  red  strata,  are  seen  to  be  succeed^  by  the  Zechstein, 
with  huge  associated  bodies  of  gypsum,  which  in  their  turn  are  surmounted  in 
the  same  hills  by  other  red  rocks. 

Here  again,  therefore,  as,  indeed,  eyerywhere  in  Northern  Grermany,  the  tri- 
partite diyision  is  apparent,  and  the  2!e<^atem  (in  this  tract  usually  with  masses 
of  gypsum)  is  seen  to  constitute  simply  the  central  body  of  the  great  red 
Permian  group. 

There  are,  howeyer,  many  spots  along  the  south  flank  of  the  Harz,  and  also 
to  the  south  of  the  Eyf  hauser  promontory,  where  the  gypsum  is  swollen  out  to 
masses  of  enormous  dimensions,  and  is  deyoid  of  a  regular  capping  of  red  sand, 
or  indeed  of  any  superjacent  stratified  deposit.  In  these  cases  it  would  seem, 
that  a  former  agency  acting  from  beneath,  along  a  great  line  of  fissure,  has 
greatly  affected  the  rock,  and  changed  the  carbonates  of  lime  into  sulphates;  for 
there  are  some  places  where  the  bedding  and  colour  of  the  layers  are  still  eyi- 
dent,  and  others,  again,  where  the  whole  haye  been  conyerted  into  amorphous 
and  unstratified  masses  of  huge  dimensions.  Not  only  do  these  masses  of  gyp- 
sum form  lofty  escarpments,  usually  blanched  by  atmospheric  action,  but  at 
Frankenhausen,  where  extensiye  salt-works  haye  long  been  carried  on,  the 
borings  were  made  through  1173  feet,  to  reach  the  rock-salt.  Now,  in  all  this 
thickness,  with  the  exception  of  the  uppermost  93  feet,  which  consisted  of  red 
sand,  apparently  the  detritus  of  the  oyerlying  red  strata  of  the  countiy,  the 
whole  subterranean  mass  was  foimd  to  be  gypseous,  with  occasional  intercala- 
tions of  limestone  and  argillaceous  way-boards,  as  if  to  show  that  the  sub- 
stances had  been  once  regularly  stratified.  This  phenomenon,  in  a  tract  the 
northern  part  of  which  is  characterized  by  stratified  rocks  of  the  same  age  and 
of  no  great  thickness,  affords  a  strong  argument  in  fftyour  of  metamorphic  action 
haying  proceeded  from  great  depths,  and  of  its  haying  acted  in  this  expansiye 
manner  along  a  line  of  fissure. 

That  this  huge  and  irregular  mass  of  gypsum  at  Frankenhausen  is  the  result 
of  a  great  change,  is  proyed  by  proceeding  southwards  from  the  north  along 
the  high-road  which  trayerses  the  Eyfhauser  promontory.  There,  the  lower 
flaglike  calcareous  layers  of  the  Zechstein  limestone  are  seen  to  be  sloping  away 
regularly,  at  a  small  angle,  from  off  the  red  sandstones  on  which  they  repose. 
Next,  aiter  some  contortions,  the  whole  rocky,  precipitous  cliff,  from  the 
summits  of  which  the  watch-towers  of  the  ancient  town  of  Frankenhausen 

*  So  numerous  are  these  fossil  trees,  The  large  silicified  stems  on  the  exterior, 

that  ten  of  the  larffcst  are  arranged  around  some  of  them  3  to  4  feet  in  diameter, 

a  central  pyramid  of  other  and  thinner  form  seats.     One  tree,  lying  in  sUu^  and 

stems  on  tne  summit  of  the  high  road  crossing  the  strata  obliquely,  measured  42 

leading  from  Kelbra  to   Frankenhausen.  feet  in  length,  with  a  diameter  of  18  inches. 


Digitized  by  VjOOQIC 


Chap.  Xin.]  PERMIAN  BOCKS-^.  OF  THE  HABZ.  839 

frown  oyer  the  southern  plains  of  red  land,  is  seen  to  consist  of  gypsum,  in  most 
of  which  there  is  no  regularity  of  stratification.  But  whilst  the  bore-hole  at 
the  base  of  this  cliff  was  also  chiefly  made  in  gypsum,  M.  Ton  Dechen  informs 
me,  that  there  were  occasional  interpolations  of  limestone  and  argillaceous  schist 
with  yarious  sandstonesf :  so  that,  whilst  the  German  geolo^ts  consider  this 
gypseous  mass  as  being  subordinate  to  the  Upper  Zechstein  only,  I  would  sug- 
gest that  the  fiEkcts  of  the  intermixture  of  such  mineral  substances  looks  yery  like 
the  result  of  a  great  disturbance,  accompanied  by  a  considerable  change  of  cha- 
racter in  the  rock.    My  own  yiews  are  expressed  in  this  generalized  woodcut. 

Belatioks  op  Gypsum  to  the  ZscHSTBiir  at  ani>  itsab  FBAjnnsKHArsxN. 

N.  8. 


d.  Lower  Both-Uegende.    e.  Upper  Both-Uegende.   ^.  Zechstein. 
^.  Altered  Zechstein  and  gypsum. 

The  phenomenon  of  the  yast  expansion  of  gypsiun  occurs  at  yarious  other 
places  on  the  southern  flank  of  the  Harz,  and  is  strikingly  demonstrated  at 
Artem,  ten  miles  east  of  Frankenhausen,  and  probably  on  the  same  line  of  meta- 
moTphism.  There,  according  to  yon  Dechen,  the  strata,  consisting  of— 1st, 
oyerlying  red  s&ndstone ;  2ndly,  gypsum ;  8rdly,  Zechstein  in  the  form  of  stink- 
stein  ;  4thly,  gypsum— were  penetrated  both  by  shaft  and  borings  to  the  depth 
of  1017  feet  before  the  rock-salt  was  reached  X* 

In  this  way  we  obtain  eyidence  that  in  Northern  Germany,  just  as  in  the 
south-eastern  Steppes  of  the  Eirghis  to  the  S.  of  Orenburg  §  in  Russia,  the  rock- 
salt  and  gypsum  are  fairly  subordinate  to  the  Permian  group ;  both  these  mineral 
masses  haying  apparently  resulted  from  metamorphic  action. 

The  geologist  who  follows  the  Zechstein  along  yarious  tracts  is  constantly, 
indeed,  induced  to  account  in  a  similar  manner  for  a  sudden  expansion  of  that 
bedded  deposit  into  amorphous  dolomite.  For,  although  there  are  numerous 
tracts  where  the  upper  portion  of  the  formation  is  a  regularly  bedded  magneeian 
limestone  resembling  that  of  Britain,  yet  as  we  often  see  the  rock,  which  at 
the  distance  of  a  mile  is  a  flat-bedded,  stratifled  limestone  of  small  dimensions^ 
suddenly  swell  out  into  a  precipitous,  amorphous  mass,  characterized  by  cayems 


t  I  am  indebted  to  my  distinguiahed 
friend  H.  Ton  Dechen,  the  celebrated  geo- 
logist (now  worthily  the  Chief  of  the 
"Wnes  of  the  Bhenish  Prorinoes  of  PmsBia, 
and  to  whose  great  map  I  shallhereafter  hare 
occasion  to  lefer),  for  all  the  information 
I  poBseas  respeotdng  theborings  at  Franken- 
hausen. He  further  states  that  the  gyp- 
sum' was  trayersed  by  numerous  cracks, 
the  deepest  of  which  was  seen  at  743  feet 
below  the  surfiMje ;  such  cracks  being  fiUed 
with  sand  and  pebbles. 

X  After  a  yisit  to  Salzuns^en  in  the  com- 
pany of  Duke  Bemhard  of  Saxe  Weimar, 


I  should  infer  that  the  saline  waters  of 
that  place,  which  lie  to  the  west  of  the 
Thurmgerwald,  and  which  Gterman  geolo- 
gists haye  placed  in  the  Bunter  San£tein, 
really  rise,  like  the  salines  of  Franken- 
hausen, Artem,  and  many  other  places, 
from  rock-salt  subordinate  to  the  Permian 
group.  The  shafts  at  Salzungen  haying 
passed  through  the  red  sandstone,  borings 
were  made  to  a  depth  of  500  feet,  in  whi^ 
gypsum  was  trayersed,  as  well  as  dark 
argillaceous  strata. 

§  *Busaia  and  the  Ural  Mountains,' 
Tol.  i.  p.  184. 

z2 
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and  irregular  joints,  it  seems  impossible  to  doubt  that  this  change  has  also  been 
caused  by  a  powerful  metamorphosis.  This  rapid  change  can  be  observed  by 
any  one  who,  frequenting  the  baths  of  Liebenstein  on  the  west  flank  of  ihe 
Thiiringerwald,  shall  first  examine  the  stratified  Permian  hills  to  the  west  of 
Gliicksbrunn,  with  their  strata  of  Weiss-liegende  and  Kupfer-schiefer  sur- 
mounted by  Zechstein  and  red  flaggy  sandstone,  and  then  cross  from  the  ^carp- 
ment  over  several  protrusions  of  porphyry  in  the  valley  to  the  east,  which  have 
much  altered  the  strata  in  contact,  until  he  is  stopped  by  the  precipitous  face 
of  the  towering  masses  of  dolomite  which  suddenly  rise  up,  and  constitute  pic- 
torial eminences  200  feet  above  the  low  tract,  as  in  this  woodcut 

CoirVEBSION  OF  BEDDED  ZSOHSTEIN   (^)    INTO  AMOBPHOHS  DOLOiaTB. 
W.  HilUN.W.ofOlOcksbranii.  VaUcjorOiaclubnuii.  Altenstdn.  £• 


d,  Both-liegende  (not  seen  in  thiB  part  of  the  tract),    e.  Weiss-liegende  with  some 
copper  ore.    /.  Kupfer-schiefer,  nch  in  ore  and  fossil  fishes.    ^.  Zechstein,  with 
fossils.    A.  Bed  sandstone,  roof  of  Zechstein.    ff*.  Altered  Zechstein  (Dolomite). 
*.  Eruptive  rocks,    m.  Micaceous  schist  and  altered  rocks. 

The  identity  of  the  amorphous  subcr3rstalline  dolomite  of  the  cliff  with  the 
stratified  limestone  of  the  adjacent  lower  country,  is  here  demonstrated  by 
the  clearest  evidence;  for  the  same  species  of  shells  which  exist  in  the  flat- 
bedded  strata,  g,  of  the  low  arable  hills  on  the  east  are  here  detected  in  the  un- 
))edded  wild  clifls  of  dolomite  with  their  deep  fissures  and  long  caverns,  g*f. 

In  thus  briefly  alluding  to  the  striking  features  of  amorphous  gypsum  and 
dolomite  which  re-occur  at  intervals  in  many  parts  of  the  range  of  these  lime- 
stones of  the  Permian  group,  it  is  also  to  be  noted,  that  along  these  lines  of 
metamorphism  the  same  rocks  often  contain  rich  masses  of  spathose  and  hema- 
titic  iron  ores.  This  is  specially  observable  on  the  western  flank  of  the  Thii- 
ringerwald,  to  the  east  and  south  of  Liebenstein,  where  the  Zechstein  has  been 
intruded  upon  by  porphyritic  and  granitic  rocks. 

In  advancing  from  the  environs  of  Saalfeld,  where  the  Zechstein  and  Weiss- 
liegende  (the  latter  becoming  red  in  parts)  rest  upon  the  edges  of  the  Upper 
Devonian  and  older  Carboniferous  rocks,  we  meet  with  numerous  knolls  of  gyp- 
sum, both  stratified  and  amorphous,  with  much  iron  ore,  both  of  which  have 
been  described  by  Richter  | ;  whilst  at  Essig  and  Possneck  the  calcareous  matter 
again  rises  up  in  apparently  unbedded  dolomitic  bosses,  which  on  disintegration 
have  afforded  numerous  characteristic  fossils  §. 


t  During  my  last  visit  to  Liebenstein,  I 
received  the  kindest  attention  from  the 
accomplished  prince,  Duke  Bemhard  of 
Saxe  Weimar,  and  was  conducted  by  His 
Serene  Highness  not  only  through  the 

r*  sndid  caverns,  but  also  to  those  parts  of 
cliff  of  dolomite  in  which  many  Sryosoa 
and  moUuscaofthe  Zechstein  occur.   Some 


of  the  finest  collections,  indeed,  of  Permian 
fossils  have  been  extracted  firom  the  crystal- 
line dolomites  of  other  places  in  Ctennany. 

X  EinladungsProgrammderBealSchale, 
&c.,  Saalfeld,  p.  21. 

§  TheAltenburgof  POssneckhasafforded 
to  the  researches  of  the  Bev.  Mr.  Schubert 
a  fine  collection  of  fossils. 
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Persistent  in  its  character  of  contraction  and  great  local  expansion,  the  Roth- 
liegende,  which  has  thinned  out  at  Saalfeld,  resumes  its  importance  at  Gera,  near 
to  which  place  it  is  to  be  partially  seen,  underlying  and  fairly  passing  into  the 
Weiss-liegende ;  whilst  to  the  north  of  that  city,  the  lower  red  deposit,  rising 
out  from  beneath  all  the  Zechstein  series,  swells  out  to  a  vast  thickness,  and 
again  occupies  a  broad  tract  extending  fai  into  Saxony  on  the  north  and  east. 
The  memoirs  of  Dr.  Liebe,  of  G^ra*,  have  fuUy  explained  tlie  positions  of  the 
fossils  which  occur  in  such  abundance  in  the  environs  of  Gera,  and  which  can  be 
so  well  studied  in  the  fine  collection  of  M.  Dinger  of  that  town  f. 

The  material  point  which  I  seek  to  establish  is,  that  there,  and  on  the  right 
bank  of  the  Elster,  the  geologist  sees  a  section  which  leaves  no  doubt  of  the 
propriety  of  binding  together  the  different  members  of  the  Permian  group  in  the 
Bianner  indicated. 

It  is  true,  that  on  the  banks  of  the  Elster,  near  Gera,  the  uppermost  bed  only 
of  the  Roth-liegende  can  be  observed ;  but  as  this  deposit  has  been  pierced  to  a 
great  depth  in  fruitless  searches  for  coal  on  the  opposite  bank  of  the  stream, 
no  one  can  doubt  that  the  true  Permian  foundation-rock  is  here  developed  on  a 
great  scale.  The  upper  member  of  the  Roth-liegende,  which  is  there  visible, 
presents  all  the  unmistakeable  characters  of  the  deposit;  being  made  up  of  frag- 
ments, more  or  less  angular,  of  quartz,  Lydian  stone,  and  particles  of  the  older 
rocks  in  a  deep  red,  sandy  paste,  here  and  there  spotted  green.  This  rock  passes 
gradually,  and  without  the  smallest  appearance  of  discordance  or  separation, 
into  a  lighter-coloured  conglomerate  of  about  10  feet  in  thickness,  composed  of 
broken  fragments  of  quartz  rock  and  greywacke,  somewhat  ochreous  downwards, 
and  becoming  white,  or  light  grey,  upwards.  The  latter  rock,  containing  many 
of  the  same  fragments  as  the  lower  red  mass,  assumes  in  its  upper  part  a  cal- 
careous and  highly  magnesian,  instead  of  a  siliceous  and  aigillaceous  paste. 

Now,  this  whitish  conglomerate,  which  is  truly  the  upper  part  only  of  the 
Roth-  and  Weiss-liegende,  and  is  conformably  overlaid  by  the  Kupfer-schiefer, 
already  contains  the  following  fossils,  so  typical  of  the  Zechstein  in  various 
countries :  viz.  Productus  Cancrini,  de  Vem.,  Lingula  Credneri,  Gein.,  Stropha- 
losia  (Productus)  Leplayi,  de  Vem.,  Avicula,  Pecten  Mackrothi,  v.  Schaur., 
Terebratula  Geinitziana,  with  the  plants  Ulmannia  frumentaria  and  U.  lyco- 
podioides,  Goppert,  &c. 

In  this  way  the  basement  conglomerate  rocks  are  linked  on  by  these  animal 
remains,  as  well  as  by  chemical  constitution  |,  to  the  calcareous  central  strata. 
At  the  same  time  it  is  worthy  of  consideration  that  the  same  species  of  mollusks 
were  in  existence  whilst  the  action  which  evolved  the  inferior  conglomerates  was 
drawing  to  a  close,  and  that  even  subsequent  to  the  appearance  of  such  mollusks 
a  remarkable  change  occurred  in  the  sea-bottom,  by  which  the  dark-coloured 
mud,  occupied  by  the  remains  of  peculiar  fishes,  and  known  as  the  '  Kupfer- 
schiefer,'  was  spread  out  over  a  wide  region.    But  the  calcareous  element  recur- 

*  See  Zeitechr.  Deutsch.  GeoL  QesellB.  tleman.     The  collection  of  the  Bev.  M. 

Tol.  vii.  p.  406.  Mackrode  is  also  celebrated. 

t  Dr.  Liebe  and  M.  Dinger  obligingly  X  See  Liebe's  Notice  on  the  conglomerate 

aooompanied  Mr.  Bupert  Jones  and  my-  Zechstein,  Zeitsch.  Geol.  Gesells.  vs..  p.  407, 

self  to  the  examination  of  the  strata  here  which  shows  an  increase  of  magnesia  from 

described,  and  we  were  much  gratified  by  the  Both-liegende  into  the  Weiss-liegende, 

theinspection  of  numerous  beautiful  fossils  and  a  greater  quantity  of  it  in  the  pebbly 

in  the  museum  of  the  last-mentioned  gen-  Zechstein  than  in  the  overlying  Zechstein. 
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ring,  the  Bame  mollusca  again  flouriflliedy  and  became  stiU  more  abundant  in  the 
overlying  Zechstein.  The  sections  near  Gera  are  so  instructive^  that,  without 
entering  into  details,  it  is  desirable  to  record  a  few  leading  data  connected  with 
the  other  or  overlying  strata  of  the  Permian  group.  The  Kupfer-schiefer,  which 
is  not  here  metalHferous,  is  a  hard  dark  shale,  containing  relics  of  Palieomscus, 
two  or  three  moUusks,  including  Lingula  Credneri,  and  the  Cupressites  frumen- 
tarius.  It  is  followed  by  the  chief  fossiliferous  band  of  limestone  (the  Zechstein 
of  Schlotheim),  which,  though  of  small  thickness  (3  to  10  feet  only),  is  laden 
with  a  profusion  of  well-preserved  fossils,  besides  Uiose  known  in  the  conglo- 
merate beneath,  such  as  Productus  horridus,  Solen  pinnssformis,  and  Spirifer 
alatus.  This  limestone  is  covered  by  a  darkish  -coloured  magnesian  marl  with 
concretions,  in  which  some  of  the  fossils  of  the  inferior  stratum  no  longer 
appear.  The  superjacent  rocks  consist  of  a  hard  grey  rauchkalk,  which  on 
weathering  becomes  more  dolomitic  than  when  extracted  from  the  quarry ;  its 
summit  being  known  under  the  name  of  'Ashe.'  This  flat-bedded  calcareous 
series  (in  all  about  70  or  80  feet  thick)  terminates  upwards  in  thin  layers  of 
impure  fetid  limestone  (stinkstein)  with  small  fucoids.  It  is,  however,  to  be 
remarked,  that  there  is  a  still  further  continuation  of  the  dolomitic  character 
upwards,  which  has  induced  the  local  geologists  to  assign  the  name  of  'Rothe 
Zechstein '  to  another  and  higher  band,  about  25  feet  in  thickness,  of  red  and 
green  marls,  the  geodes  of  limestone  in  which  contain  over  26  per  cent,  of  mag- 
nesia. This  band  is,  in  fact,  the  uniting  link  in  this  part  of  the  series,  be- 
tween the  underlying  Zechstein  and  that  portion  of  the  overlying  sandstones, 
which  here,  as  elsewhere,  forms  the  natural  summit  of  the  Permian  group.  It 
is  on  this  red  sandstone,  or  uppermost  Permian  rock  of  my  classification,  that 
the  palace  of  the  Prince  of  Reuss  stands. 

Difference  between  the  Permian  Rocks  of  Northern  and  Southern  Germany. — 
Although  not  yet  very  exactly  defined  in  geological  maps  along  its  southern 
boundary,  it  may  be  said  that,  where  the  Permian  group  maintains  its  full  charac- 
ters, lithological,  zoological,  and  geological,  it  is  a  northern  deposit  Ascertained 
to  exist  at  Spitzbergen  *,  we  have  evidence  of  its  presence  in  the  most  northern 
parts  of  Eastern  Europe,  extending  even  to  the  White  Sea,  and  ranging  south- 
wards throughout  Russia,  and  on  the  western  flanks  of  the  Ural  Mountains,  to 
beyond  60^  of  north  latitude,  south  of  Orenburg.  In  following  this  parallel  to 
the  west,  we  see  that  it  passes  by  the  northern  foot  of  the  Carpathians,  and  that, 
trending  between  the  Riesengebirge  and  the  Alps,  it  traverses  the  smaller  German 
States  and  the  north  of  France,  to  the  south  of  the  British  Isles;  thus  leaving 
to  the  north  all  that  portion  of  Europe  in  which  any  Permian  rocks  are  known. 
This  geographical  feature  is  dwelt  upon,  because  it  is  essential  to  observe,  that 
in  following  the  group  in  Germany  from  north  to  south,  it  is  found  to  part  with 
its  principal  calcareous  centre  and  fossiliferous  member.  Thus,  to  refer  once 
more  to  the  region  of  the  Thiiringerwald,  rendered  so  classic  by  the  map  of  that 
sound  geologist  Credner,  and  illustrated  by  the  able  publications  of  Professor 
Senft  and  Baron  Schauroth,  the  paleontologist  of  Coburg,  the  Permian  rocks  are 
seen  to  part  with  their  calcareous  centre,  as  we  track  them  southwards  to  the 
district  lying  between  Neustadt  and  Eronach  f  in  Bavaria.    There,  huge  accumu- 

*  See  description  ofthefossilB  from  Spitz-  f  This  interesting  district  was  yisited 
bergen  by  Leopold  yon  Buoh,  and  also  by  by  me  in  1854,  accompanied  by  Professor 
de  Koninok.  Morris,  when  we  were  much  mdebted  to 
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lations  of  the  Roth-liegende,  oyerlapping  in  highly  inclined  podtionB  a  thin  coal- 
field, are  snimonnted  by  a  very  poor  and  meagre  band  of  limestone,  which  further 
southwards  is  entirely  lost.  Again,  in  approaching  the  Riesengebirge  from  the 
southern  part  of  Prussia  on  the  north,  the  Zechstein  is  exhibited  for  the  last  time 
in  the  tract  near  Lowenberg,  south  of  Liegnitz.  There,  that  rock,  resting  upon 
Roth-liegende,  and  dipping  under  red  sandstone,  is,  as  in  other  places,  a  poor 
and  thin  deposit  when  compared  with  its  equivalents  on  the  flanks  of  the  Hars 
and  the  Thiiringerwald. 

As  soon  as  we  enter  into  the  Riesengebirge,  and  thence  travel  southwards 
through  Bohemia,  or  even  through  the  southern  parts  of  Saxony,  from  ihe  envi- 
rons of  Dresden,  we  nowhere  meet  with  a  Zechstein  formation  like  that  of 
Northern  Germany.  In  all  this  southern  region  the  lower  member  of  the  group, 
preserving  locally  the  ordinary  characters  of  the  Roth-liegende  of  the  northern 
and  western  tracts,  is  one  great  series  of  sandstone  and  conglomerate  beds, 
which,  as  in  the  Thiiringerwald  and  the  Harz,  is  ushered  in  with  the  evolution 
of  porphyries.  In  this  series  are  found  many  fossil  plants,  with  here  and  theie 
calcareous  courses,  often  characterijEed  by  ichthyolites  of  the  genera  PalceoniscuSy 
Pleuracanthus*,  Acanthodes,  Sec 

Whilst  these  ichthyolites  are  like  those  of  the  Zechstein,  except  in  the  case 
of  one  of  the  genera  Imown  in  the  carboniferous  rocks,  they  differ  from  the  latter, 
as  will  presently  be  shown,  in  vpedfic  eharaeters.  In  Lower  Silesia,  and  particu- 
.  larly  in  the  district  between  Friedland  on  the  north  and  Braunau  on  the  south, 
the  lower  members  of  these  red  rocks  are  finely  laminated  red  sandstones, 
associated  with,  and  in  part  reposing  on,  red  porphyry;  they  are  covered  by 
other  sandstones  and  conglomerates,  and  contain  within  themselves  courses  of 
darkish  grey  or  reddish  thin-bedded  limestone  charged  with  fishes.  In  exa- 
mining a  dark  band  of  these  limestones  at  Gel  Berg  near  Braunau  t^  I  could  not 
avoid  being  struck  with  the  analogy  of  its  position  and  relations  to  that  of 
the  Zechstein  of  Northern  Germany  {.  The  limestone  rests  upon  a  black 
schistose  bed,  in  which  copper  has  been  worked,  and  the  whole,  reposing  upon 
a  vast  thickness  of  red  sandstone,  is  immediately  and  conformably  surmounted 
by  reddish,  purplish,  yellow,  and  whitish  grits,  sandstone,  and  shale.  In  other 
parts  of  Bohemia,  fishes  similar  to  those  of  Braunau,  Ruppersdorf,  &e,  have  been 
detected  in  red  flagstones.    From  what  we  saw,  it  is  probable  that  there  are  two 

M.  Buttner  of  Kronach  for  oondacting  us  I  much  regret  not  to  have  visited  this  sand- 
to  good  sections  of  the  ooal-pita,  some  of  stone  tract,  in  order  to  satisfy  myself  if  it 
which  are  worked  under  the  Both-U^gende,  really  belongs  to  the  Upper  Coal,  as  sug- 
and  others  in  valleys  below  the  natural  gested,  or  to  the  Lower  Permian.  The 
escarpments  of  the  red  rook.  presence  of  the  carboniferous  plant,  Arau- 

*  According  to  Sir  P.  Egerton,  Xen-  carites  Brandhngii,  would  by  no  means 

acanthus,  Pleuraoanthns,  and  Diplodus  determine  the  question;  for  that  plant 

are  all  the  same  genus.  does  occur  in  true  Both-li^gende ;  and 

t  Accompanied  by  Mr.  Bupert  Jones,  I  GOppert  has  decided,  that  at  Badowens  it 

was  conducted  to  tins  spot  by  my  very  is  associated  with  the  new  form,  A.  SchroUii. 

intelligent  botanical  friend  Dr.  Beinert  of  See  a  translation  of  G^ppert's  account  of 

Charlottenbrunn.    To  the  west  of  this  dis-  this  tree-bearing  sandstone,  as  taken  from 

trict,  there  erists  the  remarkable  petrified  the  Memoirs  of  the  Silesian  Society,  Ann, 

forest  of  Badowenz   and   Buchau,  near  &  Mag.  Nat.  Hist.  ser.  3.  vol.  i.  p.  236. 
Adersbaeh,  described  by  Professor  G5p-        t  Professor  I^aumann  has  shown  how 

pert,  and  to  which  M.  Schroll  and  Dr.  sudi  fish-beds  occur  very  low  indeed  in 

Bdnert  directed  my  attention :  here,  thou-  the  Permian  rocks  at  Oschatz  in  Saxony, 

sands  of  tons  of  silicified  stems  of  trees,  (See  Quart.  Joum.  Geol.  Soo.  Lend.  vol.  v. 

chiefly  of  the  genus  Araucaritoe,  are  found,  p.  2.) 
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or  more  calcareous  beds ;  for  the  limestone  at  Halbstadt,  only  a  few  miles  to 
the  north  of  Braunau,  is  a  red  and  deep-purple-coloured  rock,  wholly  unlike 
that  of  the  Oel  Berg^  and  not  containing  fishes. 

Again,  in  the  very  heart  of  the  conglomerates  which,  though  apparently  the 
oldest  beds,  constitute  alone  the  whole  of  the  Permian  rocks  visible  to  the  north- 
west of  Friedland,  limestones  containing  magnesia  occur.  These  brecciated 
masses  and  their  limestones  are  well  exposed  at  Traut-Liebersdorf,  where  the 
transition  from  a  calcareous  conglomerate  replete  with  angular  fragments  of 
quartz  into  a  coarse  calcareous  grit,  and  from  that  into  a  limestone,  which 
attains  a  thickness  of  30  feet,  is  readily  seen. 

At  the  Oel  Berg  near  Braunau*,  ichthy elites  abound,  with  many  good  speci- 
mens of  which  I  was  supplied  through  the  liberality  of  M.*  Benedict  Schroll. 

These  fossils  have  been  submitted  to  the  examination  of  Sir  Philip  Egertony 
who  has  pronounced  them  to  belong  to  the  genera  Palteoniscus,  Acanthodes^ 
Xenacanthus  (Pleuracanthus),  &c.t 

Of  these  ichthyolites,  the  most  striking  and  the  largest  is  a  placoid  fish,  with 
a  strong  defensive  spine  inserted  immediately  behind  the  head.  This  is  the 
Xenacanthus  (now  more  properly  called  Pleuracanthus  |)  Decheni  of  Beyrich. 
It  is  abundant  at  Braunau,  together  with  three  or  four  species  of  PaI»oniscus, 
the  chief  of  which,  P.  Yratislaviensis,  occurs  also  at  Ruppersdor£  Palteoniscus 
lepidurus  and  another,  like  P.  Voltzii,  occur  here  or  at  Ottendorf.  There  is 
also  a  species  of  Acanthodes,  a  genus  remarkable  for  its  minute  square  scales.       < 

Now,  no  one  of  these  fishes  is  of  the  same  species  as  those  of  like  genera  which 
are  found  in  the  subjacent  carboniferous  rocks. 

The  same  conclusion  has  been  arrived  at  by  Sir  PhUip  Egerton  in  the  ezami* 
nation  of  the  fossil  fishes  of  Klein  Neundorf  which  I  recently  brought  home 
from  the  spot.  Thus,  the  Acanthodes  gracilis  from  the  bituminous  schists  of 
that  locality,  which  have  been  considered  to  be  subordinate  to  the  Roth-liegende, 
has  also  been  pronounced  to  be  a  species  distinct  from  the  A.  Bronni  of  the  Coal 
period ;  a  generic  resemblance  only  having  led  to  an  erroneous  identification. 

Notwithstanding  the  endeavours  of  my  distinguished  friend  Professor  Ferd. 
Hoemer  to  clear  up  the  ambiguous  relations  of  the  strata  near  Klein  Neundorf  $, 
the  section  appeared  to  me  to  be  so  very  obscure,  that,  even  if  the  ichthyolites 
found  in  the  schists  of  that  insulated  spot  had  proved  to  be  carboniferous  (which 
they  are  not,  but,  on  the  contrary,  distinct  Permian  types),  no  satisfactory 
inferences  could  be  drawn.  There,  to  the  S.W.  of  the  hamlet,  schistose  grau- 
wacke,  like  the  shillat  of  Cornwall,  and  probably  of  Devonian  age,  is  observable 
in  the  ravines,  between  which  and  certain  outcrops  of  Kiesel-schiefer  and  amor- 

•  My  reallyBcientificfriendin  this  tract,  I  doubt  the  accuracy  of  M.  Schnur,  who 

and  who  was  of  great  service  to  me,  is  the  has  identified  the  Permian  Xenacanthos 

zealous  botanist  and  paleontologist,  Dr.  Decheni  with  a  fossil  fish  of  the  coal  of 

BeinertofChariottenbrunn,whoBemu8eum  Saarbruck.     (See  Zeitschr.  Qeol.  G^esells. 

is  most  instnictiye,  and  whoso  beautiful  vol.  yiii.  p.  542.)   A  noble  specimen  of  the 

Park,  which  he  has  opened  to  the  public,  is  Xenacanthus  Decheni  (15  inches  long)  from 

replete  with  the  living  and  extinct  forms  Ruppersdorf  is  to  be  seen  in  the  Museum 

of  vegetable  life,  so  pliu^ed  in  juxtaposition  at  Bonn  (see  Neues  Jahrbuch,  1849). 
as  to  render  it  well  worthy  oi  a  visit.  X  ^^  ^ote  by  Sir  P.  Egerton   in  the 

t  As  all  the  species  from  the  Both-  Ann.  of  Nat.  Hist,  for  Dec.  1857,  voL  xx. 

liegende  which  have  been  rigidly  compared  p.  423.     The  author  shows  that  Diplodus 

by  ooiqpetent  ichthyolofi;ists  are  found  to  is  founded  on  the  teeth  of  this  genus, 
be  distinct  from  those  of  the  coal  deposits,        §  2ieitschr.  Gbol.  Gesells.  vol.  ix.  p.  51. 
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phouB  crystallized  limestone,  and  showing  no  visible  connexion  either  with  the 
Both-liegende  or  Zechstein^  lies  ihe  dark  flaggy  schist  used  for  slating  pur- 
poses, which  contains  fishes  and  plants.  M.  Sachse  of  Lowenberg  obligingly 
accompanied  me  to  the  ground,  and  from  him  I  obtained  specimens  of  Acan- 
thodes  gracilis  and  other  fishes,  all  distinct,  according  to  the  latest  examination, 
from  Carboniferous  species. 

The  opinion  therefore  of  M.  Beyrich,  that  the  Rothrliegende  should  be  classed 
with  the  coal  deposits,  receives  the  same  refutation  by  a  rigid  appeal  to  the  ani- 
mal remains,  as  it  does  from  a  thorough  scrutiny  of  the  vegetable  contents  of  the 
deposit,  as  will  be  shown  hereafter  on  the  evidence  of  Professor  Goppert. 

The  immediate  neighbourhood  of  Dresden  has  also  proved  to  be  very  illustra- 
tive of  ihe  great  mass  of  the  lower  Permian  rocks,  under  the  able  researches  and 
classification  of  Professor  G^initz.  Every  geologist  who  visits  the  admirable 
collection  in  the  Zwinger  gallery,  still  more  if  he  has  explored  the  tracts  where 
the  specimens  have  been  obtained,  will  recognize  the  value  of  such  a  labour*. 

The  lowest  portion  of  the  Permian  rocks  of  Dresden  overlying  the  coal,  which 
is  worked,  is  a  grey  conglomerate,  made  up  of  fragments  of  granite,  quartz,  and 
older  rocks,  including  even  those  of  the  upper  coal  strata,  over  the  surfiace  of 
which  the  deposit  ranges  transgressively.  Schistose  in  aspect,  and  becoming 
reddish  in  parts  only,  this  bottom  rock,  which  obtained  its  light  colour  from  the 
breaking  up  of  the  whitish  upper  carboniferous  sandstone,  contains  indeed  a  few 
layers  of  coal  formed  out  of  true  Permian  plants,  including  the  remarkable  genus 
of  Palm,  Guglielmites  Permianus,  so  named  by  Geinitz  on  account  of  the  re- 
semblance to  the  Guglielma  speciosa  of  the  Brazils  described  by  Martius.  With 
this  plant  are  associated  the  Calamites  gigas,  Brongn.,  the  WiJchia  filiciformis, 
Sternberg,  many  Psaronites,  and  the  great  Araucarites  Saxonicus,  some  of  the 
silicified  stems  of  which,  ornamenting  this  splendid  and  instructive  museum^ 
have  a  diameter  of  3  feet.  Passing  up  through  this  lower  zone,  which  has  a 
thickness  in  one  shaft  in  the  Plauensche  Grund  near  Dresden  of  about  320  feet, 
we  come  to  the  chief  mass  of  the  Both-liegende,  in  this  district  between 
600  and  600  feet  thick,  and  perfectly  conformable  to  the  underlying  grey  rock. 
This  mass  is  made  up  of  the  debris  of  all  the  more  ancient  rocks  of  the  neigh- 
bourhood, including  much  Lydian  stone,  granite  or  granatite,  gneiss,  grauwacke, 
and  poiphyry,  some  of  the  fragments  being  in  fact  gigantic,  as  seen  near  Tharande. 
This  rock  is  also  associated  with  bands  of  porphyry,  which  Geinitz,  considering 
it  to  have  been  contemporaneously  deposited  with  the  conglomerates  in  the  form 
of  lava,  has  termed  'schlam-lava';  this,  though  truly  an  igneous  rock,  is  as 
regularly  bedded  and  jointed  as  the  red  strata  with  which  it  alternates.  In  the 
same  tract,  indeed,  as  in  many  other  parts  of  Central  Germany,  the  dejections 
of  porphyry  and  amygdaloid  have  been  occasionally  so  mixed  up  with  sand  and 
pebbles  of  the  then  existing  sea,  as  to  rehder  it  difficult  to  decide  whether  the 
stratum  should  be  referred  to  an  aqueous  or  to  an  igneous  origin. 

Calcareous  matter  is  here  and  there  sparingly  diBtributed,  and  a  coprolite  has 
been  detected  and  described  by  Geinitz.  A  limestone  band,  occurring  at  Scherein- 
dorf  in  the  Plauensche  Grund,  and  lying  between  the  upper  and  lower  or  grey 
member  of  the  Both-liegende,  contains  a  few  indistinct  bivalves  and  fishes. 

*  As  the  fine  old  collection  was  de-  brought  to  its  present  high  condition  in 
stroyed  by  fire,  the  untiring  exertions  of  so  short  a  space  of  time,  may  well  be 
Professor  Gbiuitz,  by  which  it  has  been    eulogized. 


Digitized  by  VjOOQIC 


346 


SILURIA. 


[Chap.  Xin. 


Of  the  numerous  fossil  plants  of  these  Permian  deposits  in  the  environs  of 
Dresden,  and  thence  extending  over  the  adjacent  tracts  of  Saxony  and  Bohemia, 
it  is  sufficient  to  state  for  the  present,  that  four  or  five  species  only  are  also 
known  in  the  subjacent  coal  strata;  thus  completely  sustaining  the  conclusions 
drawn  by  Geinitz  and  Gutbier  •  as  to  the  independence  of  the  Permian  flora, — an 
inference  which,  as  will  presently  be  shown,  has  recently  been  amply  confirmed 
by  Goppert 

In  taking  a  general  view  of  the  Permian  rocks  of  G^ermany,  we  see 
that  they  differ  chiefly  from  those  of  Eussia  in  their  lithological  divisions, 
by  exhibitii]^  a  much  more  massive  development  of  the  lower  member,  or 
the  Both-liegende,  over  large  areas,  and  in  not  having  yet  offered  in  their 
superior  member,  or  the  red  beds  above  the  Zechstein,  those  numerous 
plants  and  saurians  which  characterize  the  upper  Permian  sandstone  and 
conglomerates  of  Eussia.  On  the  other  hand,  by  detecting  in  Germany 
many  of  the  plants  in  the  red  rocks  helow  the  Zechstein  which  in  Eussia 
lie  in  red  rocks  above  that  rock,  all  the  members  of  the  group  are  united 
by  paleontological  evidences. 

In  a  general  sense  it  may  iadeed  be  said  that  the  Permian  of  Germany 
is  a  lower  or  paleozoic  Trias,  the  central  mass  of  which  is  the  Zechstein 


Permian. 


Roth-liegende. 


Cokl. 


r  BuBter-Khiefier. 
Zedutdn  and  Kupfer-tcfaJdi^. 


limestone,  with  red  sandstone  above  and  below  it ;  whilst  the  Upper  or 
secondary  Trias  is  also  marked  by  its  middle  limestone,  the  Muschelkalk^ 
with  its  underlying  Bunter  Sandstein  and  its  overlying  Keuper  marls. 

But  whether  the  lower  *  Bunter '  be  abstracted  from  the  Trias  or  not, 
let  me  again  call  attention  to  the  fact,  that,  whilst  the  Permian  and  Trias 
are  conformable  to  eaph  other,  and  exhibit  nowhere  any  of  those  dissever- 
ments  which  mark  the  separation  of  the  lower  from  the  upper  coal  of 
the  Continent,  and  again  the  close  of  the  coal  deposits,  their  respective 
fauna  and  flora  are,  according  to  the  present  state  of  knowledge,  entirely 
dissimilar.     The  Permian  exhibits  the  last  traces  of  primeval  life,  whilst 


*  See  Versteinerungen  das  Permischen 
S^stemes  in  Sachsen.  Dresden  and  Leip- 
zig, 1849.  Out  of  sixty  species  of  these 
Permian  plants  from  Zwielau  in  Saxony» 


forty  are  exclusively  of  Permian  age,  and 
several  are  identical  with  forms  from  Rus- 
sia, wliich  there  lie  in  strata  above  the 
Zechstein. 
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tHe  Tnas  is  charged  with  the  exuviiB  of  plants  and  animals  entirely 
distinct  from  all  those  which  preceded  them. 

The  general  succession,  which  for  the  most  applies  to  "Western  Eu- 
rope, is  expressed  in  the  preceding  diagram;  though,  as  before  said, 
there  are  tracts,  particularly  in  Bussia,  where  these  Permian  rocks  re- 
pose with  apparent  conformity  on  the  subjacent  coal  strata. 

Permian  Bocks  of  Britain,  Sfc.  (See  No.  8  of  the  Map*.)— The 
Permian  rocks  of  Britain,  where  they  are  most  clearly  developed,  consist 
in  ascending  order,  of  the  lower  red  and  yellow  sandstones  and  conglo- 
merates, the  equivalents  of  the  Both-liegende ;  the  marl-slate  and  Mag- 
nesian  Limestone,  the  equivalents  of  the  Kupfer-schiefer  and  Zechstein ; 
followed  by  certain  bands  of  red  sand  and  marl,  as  expressed  in  the  pre- 
ceding diagram.  The  best  types,  particularly  of  the  calcareous  or  central 
portion  of  this  succession,  are  to  be  seen  in  the  counties  of  Durham, 
York,  and  Nottingham,  where  they  were  long  ago  admirably  described 
by  Professor  Sedgwick  t,  and  compared  by  him  with  the  Gterman  deposits 
of  like  age.  Let  us  therefore  first  treat  of  the  group  in  those  districts 
where  the  clearest  relations  of  its  chief  parts  are  best  eidiibited. 

In  Durham  the  hwer  sandstone  is  well  exhibited  at  Clacksheugh,  three  miles 
west  of  Sunderland,  where,  on  the  left  bank  of  the  Wear,  its  lowest  portion  is  a 
dull  red  sandstone  Xf  lying  far  above  all  those  strata  in  which  traces  of  coal  have 
been  foimd.  This  red  rock  gradually  assumes  a  mottled  yellow  and  red  colour, 
whilst  in  ascending,  the  yellow  colour  exclusively  prevails  in  the  escarpment  on 
the  right  bank  of  the  river,  where  a  soft  yellow  sandstone,  about  100  feet  thick, 
and  in  parts  quarried  as  a  freestone,  forms  the  natural  and  conformable  support 
of  the  mass  of  magnesian  limestone,  the  structure  of  which  has  been  well  ex- 
posed by  the  cutting  of  a  railroad.  These  red  and  yellow  sandstones,  absolutely 
dovetailed  into  each  other  by  mineral  characters,  exhibit  features  which  are  not 
seen  in  the  underlying  carboniferous  rocks,  and  particularly  in  containing  many 
laminsd  of  false  bedding )  whilst  their  upper  and  harder  courses,  gradually  be- 
coming slightly  calcareoiis,  pass  up  into  the  thin  flaglike  strata  constituting  the 
base  of  the  Magnesian  Limestone ;  both  rocks  partake  of  the  same  flexures. 

The  yellow  sandstone  with  white  incoherent  beds,  and  an  overlying  marly 

*  The  Permian  rocks,  as  defined  in  the  I  do  not  admit  that  the  occurrence  of  a 

work  on  Bussia,  were  first  laid  down  on  a  few  plants  said  to  be  of  Carboniferous 

Geological  Map  of  England  constructed  species  in  the  underlying  red  sandstone  at 

by  myself  in  1843,  and  published  l^  the  Tynemouth  affects  my  condusions  as  to 

Societv  for  the  Division  of  Useful  Kjiow-  the  true  base  of  the  Permian.    In  visiting 

ledge  (see  also  newedition  (Stanford)  1856) .  both  banks  of  the  Wear  near  Clacksheugh, 

t  See  Sedgwick  on  the  Magnesian  Lime-  accompanied  by  Mr.  Talbot  Aveline,  we 

stone  (Trans.  Qteol,  Soc.  2nd  series,  vol.  iii  saw  proofs  of  such  a  gradual  passage  of  the 

p.  87).  red  sandstone  into  the  yeUow  sandstone, 

%  English  geologists  wiU  perceive  that  and  of  the  latter  into  the  magnesian  Ikae- 

my  views  respecting  the  underlying  red  stone,  that  I  necessarily  group  them  aocord- 

and  yellow  sandstone,  passing  up  con-  ing  to  the  classification  of  ^x>fessor  Sedg- 

formably  into  the  M^nesian  Limestone,  wick.     I  am  bound,  however,  to  say,  that 

are  not  in  accordance  with  those  proposed  the  memoir  of  Mr.  Howse  displays  talent 

by  Mr.  B.  Howse  (Ann.  I^at.  Hist.  2  ser.  and  assiduity,  and  must  be  considered  a 

vol.  xix.  p.  86),  in  which  he  imites  these  valuable  contribution  to  the  history  of  the 

sandstones  with  the  Carboniferous  series.  Permian  rocks  and  fossils. 
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flagstone^  are  traceable  at  interrals  through  the  county  of  Durham,  along  the  foot 
of  the  escarpment  of  the  Magnesian  Limestone  bj  Sherbum  and  Ferry  Hill,  and 
haye  been  trayersed  by  numerous  shafts  of  the  more  recently  made  coal-pits. 

In  numerous  places  the  limestone  is  united  to  the  sandstone  by  means  of  a 
fiaglike  marlstone,  called  marl-slate  by  Sedgwick,  who  has  shown  it  to  be  the 
equiyalent  of  the  Kupfer-schiefer  of  Germany ;  it  contains  Lingula  Credneri, 
Gein.,  and  fossil  fishes  of  the  genera  Palsdomscus,  PygopteruS;  Ooelacanihus, 
Acrolepis,  and  Platysomus. 

The  oyerlying  yellow  magnesian  limestone  is  most  fully  exhibited  in  the  bold 
Hne  of  coast  cliff  extending  from  Sunderland  to  Hartlepool,  where  its  lithological 
varieties  and  peculiarities,  including  large  round  concretions  and  beds^of  flexible 
sandstone,  were  completely  described  by  Sedgwick  *.  In  its  range  southwards 
through  Yorkshire,  this  rock  is  characterized  by  Axinus  obscurus,  and,  though 
lost  for  a  certain  distance  under  younger  deposits  some  miles  to  the  south  of  the 
Tees,  becomes  again  an  important  formation  between  Doncaster  and  Nottingham. 
Formerly  it  furnished  materials  for  the  construction  of  the  old  cathedral  churches 
of  York,  Beverley,  and  Ripon,  and  recently  it  has  afforded  the  chief  building- 
stone  for  the  Houses  of  Parliament.  The  accuracy  of  the  sections  described  by 
Professor  Sedgwick  so  many  years  ago,  in  showing  the  relations  of  this  limestone 
to  the  sandstone  beneath  it,  and  to  certain  red  and  occasionally  sandy  strata 
above  it,  as  exposed  in  the  southern  parts  of  Yorkshire,  has  recently  been 
demonstrated  by  the  cutting  of  the  railroad  from  Bradford  to  Doncaster.  In 
that  traverse,  the  observer,  who  proceeds  from  west  to  east,  no  sooner  leaves  the 
coal-field,  than  he  passes  by,  Ist,  a  thin  band  of  lower  red  sandstone ;  2nd,  a 
great  mass  of  the  thick-bedded  magnesian  limestone ;  3rd,  a  zone  of  red  marl 
with  gypsum ;  4th,  the  thin-bedded  limestone  so  largely  worked  in  Yorkshire, 
and  which,  containing  traces  only  of  magnesia,  is  preferred  for  agricultural  pur- 
poses ;  and  5th,  red  sands  and  marls,  which  range  up  to  the  town  of  Doncaster, 
and  form  the  summit  of  the  whole  group.  But  to  return  to  the  consideration  of 
the  basement-rock  of  the  group. 

Obscured  by  overlying  formations  and  detritus  in  the  North  Riding  of  York- 
shire, the  red  and  yellow  sandstones  emerge  in  force  between  Ripon  and  Knares- 
borough,  and  under  the  castle  at  the  last-mentioned  place  are  surmounted  in  a 
striking  cliff  by  the  Maghesian  Limestone,  precisely  in  the  same  manner  as  in 
Durham;  the  lower  part  of  the  yellow  rock  passing  also  down  into  a  thick- 
bedded,  deep  red,  hard,  sandy  grit.  In  this  district,  indeed,  and  particularly  on 
the  banks  of  the  Nid  near  Knaresborough,  the  inferior  red  member  rises  up  into 
marked  and  distinct  physical  masses,  which  locally  merge  into  an  angular  and 
subangular  quartzose  conglomerate,  which  is  undistinguishable  from  the  Roth- 

•  The  reader  who  desires  to  become  ac-  glomerate,  Shell  -  limestone,  Botryoidid 
quainted  with  the  details  of  the  structure  Limestone,  and  Upper  Yellow  Limestone, 
and  contents  of  the  Magnesian  Limestone  given  by  Mr.  Howse  and  repeated  by 
and  associated  strata  should  consult  the  Mr.  Dayidson,  as  the  details  of  the  Perm- 
following  works : — Sedgwick,  Trans.  GeoL  ian  ffroup  (Palteontograph.  Soc.  Monog. 
Soc.  2nd  ser.  toI.  iii.  p.  87 ;  King,  Mono-  1856),  are  here  omitted.     They  are,  in 

gaph  Perm.  Foss.,  1850,  and  Ann.  Nat.  fisust,    merely    local   subdivisions    of   the 

ist.   2nd  ser.  vol.  xviL  ;  Howse,  ibid,  Magnesian  Limestone  of   Durham,  and 

vol.  zix. ;  Binney,  Mem.  Lit.  &  PhiL  Soc.  altogether  form  the  calcareous  or  central 

Manchester,  toI.  xii.  and  toI.  xiv.   The  six  part  only  of  the  natural  group  defined  as 

subdivisions,  in  ascending  order,  of  Marl-  Permian  in  Russia  and  (xermany  by  my- 

slate,  Compact  Limestone,  Magnesian  Con-  self  and  associates. 
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Uegende  of  the  Gennans.  Whilst  revisiting  these  scenes  of  my  you^  in  the 
autunm  of  1857,  in  company  with  Mr.  Aveline,  immediately  after  a  tour  in  the 
Thiiringerwald,  Harz^  and  Bohemia,  I  had  no  hesitation  in  affirming  that  the 
well-kno^n  picturesque  '  Plumpton  Rocks '  near  Harrogate  are  identical  with 
the  quartz  conglomerates  of  (Germany  (p.  834),  whether  as  regards  their  ingre- 
dients, colour,  false  bedding,  or  massive  stratification. 

In  tracing  the  lower  sandstones  southwards  through  Yorkshire,  they  are  seen 
to  be  quarried  in  many  places  to  the  west  of  Bramham  Moor,  and  at  Pontefract 
they  are  largely  worked.  There,  the  yellow '  Pontefiract  rock '  of  William  Smith  • 
is  again  clearly  seen,  as  in  Durham,  to  form  the  natural  base  of  the  Magneeian 
Limestone. 

The  lowest  visible  beds  at  Ponte&act  are  also,  occasionally  of  a  red  colour, 
but  the  great  mass  of  conglomerate  and  breccia,  as  exposed  in  the  Plumpton 
Kocks,  is  no  longer  to  be  detected ;  th^  bottom  beds  being  simply  hard,  deep  red, 
flaglike,  micaceous  grits.  These  are  surmounted  by  yellow  sandstones,  in  parts 
of  whitish  colours,  which  are  extensively  used  as  building  and  trough  stones ; 
some  portions  being  so  porous  as  to  make  excellent  filters.  Occasionally,  indeed^ 
the  stratum  is  so  incoherent  as  to  be  used  only  as  scouring-sand. 

To  the  south  of  Pontefiract  the  lower  sandstones,  both  red  and  yellow,  begin 
to  thin*  out  'y  and,  though  they  are  recognizable  on  the  banks  of  the  Don,  and 
under  the  Castle  of  Conisborough,  the  band  is  greatly  reduced  \m  thickness,  and 
exhibits  little  more  than  a  reddish,  micaceous,  flaggy  rock,  with  shale,  &c. 
Still  farther  to  the  south,  this  lower  sandstone,  as  exposed  on  the  eastern  side  of 
the  Pennine  chain,  and  to  the  east  of  the  South  Yorkshire  coal-field,  is  dimi- 
nished to  a  mere  bed,  which  expires  altogether  in  the  environs  of  Nottingham. 
There  the  Magnesian  Limestone  rests  at  once  upon  the  coal-measures. 

Thus,  this  lower  member  of  the  Permian  group,  as  seen  on  the  eastern  side  of 
the  Pennine  chain,  exhibits,  though  on  a  less  scale,  the  chief  peculiarities  of  its 
Q^rman  equivalents.  In  one  place  a  fine  sand,  in  another  a  coarse  grit,  in  a 
third  a  breccia  or  conglomerate,  and  always  varying  much  in  dimensions,  it  has 
evidently  been  formed  on  the  eroded  surfaces  of  the  pre-existing  carboniferous 
rocks.  But  however  variable  in  thickness  it  may  be,  as  depending  upon  the 
method  of  accumulation,  we  invariably  perceive  that  its  upper  beds  graduate 
into,  and  form  the  natural  bottom  of,  the  Magnesian  Limestone,  as  formerly 
demonstrated  by  Sedgwick  t> 

In  the  sequel  it  will  be  seen  how  greatly  this  lower  member  of  the  Permian 
group  is  expanded  on  the  western  flank  of  the  Pennine  chain. 

Professor  King,  who  had  long  studied  the  fossils  of  the  calcareous  members 
of  the  group  in  t^e  county  of  Durham,  has  placed  the  detailed  component  parts 
of  the  Permian  group  stiU  more  closely  in  comparison  with  the  corresponding 
beds  of  Germany.  Thus,  whilst,  with  Sedgwick,  he  considers  that  the  lower 
sandstones  of  Yorkshire  and  Durham,  whether  red,  white,  or  yellow,  which  lie 
between  the  coal  and  the  Magnesian  Limestone,  are  the  true  equivalents  of  the 
German  Roth-liegende,  and  that  the  marl-slate,  with  its  fishes,  stands  in  the 
place  of  the  copper-slate  of  Germany, — he  also  shows  that  the  fossiliferous 

*  So  named  by  Wilham  Smith,  the  f  See  Sedgwick  on  the  Magneeian  Lime- 

*  father' of  English  geology,  whoeelesBOUB  stone,  Trans.  Oeol.  Soo.  Lond.  2nd  ler, 

in  the  field  uong  the  Yorkshire  coast  vol.  iii.  p.  37. 
(1826)  were  of  great  serrice  to  me. 
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beds*  of  compact  limefltone  represent  the  lower,  and  the  brecdated  and  concre- 
tionaiy  limestones  of  Durham  the  upper  Zechstein  of  the  (Germans,  with  its 
overlying  beds  of  dolomite,  rauchwackei  and  stinkstein. 

In  England  there  is,  perhaps,  no  other  yellow  limestone  so  charged  with 
magnesia  as  to  form  a  true  dolomite ;  and  hence,  in  the  early  days  of  geology,  it 
was  natural  to  define  this  rock  as  the  Magnesian  Limestone  f;  and  to  associate 
with  it  certain  subordinate  strata^  But  now  that  yellow  magnesian  limestones 
are  known  to  occur,  on  a  stupendous  scale,  in  the  Lower  Silurian  rocks  of  North 
America  J, — ^in  both  the  DoTonian  and  Carboniferous  series  of  Russia, — ^partially 
eyen  in  the  carboniferous  limestone  of  Derbyshire, — and  whilst  the  Jurassic 
masses  of  the  Alps  are  to  a  great  extent  crystalline  magnesian  limestones  or 
dolomites  §, — it  became  necessary  to  abandon  the  term  '  magnesian,'  and  to  place 
the  English  formation  under  a  general  name  deriyed  firom  a  vast  region,  where 
the  position  and  fossil  contents  of  the  group  are  clearly  exhibited. 

The  Permian  deposits,  as  developed  in  Russia,  and  also  in  Germany  and 
England,  do  not  stop,  as  before  said,  in  the  ascending  order  with  the  Zechstein. 
They  include  another  overlying  red  sandstone,  which  in  many  parts  of  Qermtaijf 
as  already  shown,  also  constitutes  the  conformable  roof  of  the  Zechstein,  and 
contains  the  plant  Calamites  arenarius,  Brongn.,  with  itf  carboniferous  aspect 
Li  Russia,  indeed,  some  of  these  overlying  red  beds  are  charged,  as  we  have  seen^ 
with  the  shells  •f  the  Zechstein  and  plants  of  the  Roth-liegende.  Li  general  lan- 
guage, therefore,  the  Zechstein  of  the  Continent,  and  the  Magnesian  Limestone  of 
England,  may  be  viewed  as  the  calcareous  centre  of  an  arenaceous  group,  or,  as 
before  said,  a  lower  <  Trias' ;  the  upper  red  marl  and  sand  of  Yorkshire,  described 
by  Sedgwick,  being  as  much  a  parcel  of  it  as  those  red  sandstones  and  conglo- 
merates, or  '  Roth-todt-liegende,'  which  in  Western  Europe  lie  beneath  it 

In  the  Ardennes  these  rocks,  so  diversified  elsewhere,  are  represented  by  a 
mere  band  of  pebbly,  siliceous  conglomerate,  which,  being  sterile  of  fossils,  was 
named  *  Penmen*  by  M.  d'Omalius  d'Halloy||.  In  France,  %,e,  in  the  Vosges, 
and  at  Loddve  in  Dauphin^,  this  group  has  not  the  distinctive  characters,  litho- 
logical  or  zoological,  which  it  exhibits  in  Russia,  Germany,  and  Britain,  being 
chiefly  a  red  sandstone.  But  in  the  Department  of  L'Aveyron  (particularly  in 
the  neighbourhood  of  Alboy)  it  has  been  recently  described  as  containing  some 
calcareous  courses  representing  the  Zechstein  f^.  In  that  tract  it  is  also  distin- 
guished, as  in  other  regions,  by  a  peculiar  flora,  containing  certain  ferns  and  coni- 
fers, which  M.  Adolphe  Brongniart  classes  with  Permian  plants. 

*  See  Professor  King's  '  Monomph  of  §  True  dolomite,  whether  orystalline  or 

the  Permian  Fossils  of  England,'  pub-  earthy,  is  known  by  its  containing  45  per 

Ushed  by  the  Palsontographical  Society,  cent,  of  maenesia.    Another  proof  of  the 

1860,  in  which  he  describes  217  species  of  inapplicabihty  of  mineral  terms  to  desig- 

shells,  corals,  and  other  animals,  many  of  nate  the  age  of  strata  is  the  use  of  the 

them  common  to  Germany  and  Russia.  term  *  ooUtio  *  for  rooks  which  in  £bi- 

t  I  am,  however,  disposed  to  think  that  gland  hare  a  lithological  structure  that  is 

some  of  the  yellow  beds  of  the  carbonife-  scarcely  ever  found  in  their  continental 

rons  limestone  of  the  Glee  Hills  are  ex-  Jurassic  equivalents.    *  Magnesian  lime- 

oeptions.     (See  SiL  Svst.  p.  119.)  stone '  is  also  merely  an  insular  and  mis* 

X  See  Dale  Owen^s  deology  of  Wis-  leading  name, 

oonsin,  Iowa,  and  Minnesota^  with  a  Map,  ||  M^ens  de  G^logie,  p.  276. 

on  which  vast  magnesian  limestones  are  If  See  the  memoir  of  M.  Coquand,  BulL 

laid  down  as  the  Lower  Silurian  of  that  Soc.  G^l.  de  Prance,  vol.  xii  2me  s^e, 

author.  1863.  p.  128. 


Digitized  by  VjOOQIC 


Chap.  XIII.]    PEBMIAN— W.  AND  CENTRE  OF  ENGLAND.  861 

In  proceeding  from  the  northern  to  the  central  and  south-western  conntiee  of 
England,  or  again  .to  the  S.W.  of  Scotland,  the  Permian  group  undergoes  also 
considerable  changes  in  lithological  structure,  and  the  absence  of  limestone  is 
accompanied  by  a  diminution  of  the  nimiber  of  its  characteristic  organic  remains. 
In  Nottinghamshire,  and  to  some  extent  in  Derbyshire,  limestone  being  still 
present,  the  north-eastern  or  Durham  type  is  preserved ;  but  at  Manchester  we 
no  longer  distinctly  trace  the  Magneaian  Limestone  as  a  separate  mass ;  though 
its  place  is  taken  by  red  marl  and  shale,  with  some  thin  courses  of  limestone 
subordinate  to  rod  sandstone,  in  which  aro  casts  of  the  common  species  of  Schi- 
zoduB,  Avicula,  Turbo,  Rissoa,  &c., — an  unmistakeable  Permian  assemblage. 

Following  the  formation  into  the  north-western  coimties  from  the  tracts  in 
Lancashiro,  whero  he  has  copiously  exhibited  its  relations  to  the  Coal  beneath, 
and  to  the  New  Red  Sandstone  above,  Mr.  Binney*  has  estimated  the  maximinn 
thickness  of  the  group  in  that  region  at  1160  feet :  viz.  Upper  Ked  marls  with 
gypsum  in  the  north,  and  nodules  of  limestone  in  the  south,  300  feet;  Magnesian 
Limestone  with  fossils,  10  feet;  Lower  Red  Sandstone,  500 feet.  If,  as  Professor 
Sedgwick  thinks,  the  lower  purple  sandstone  of  Cumberland,  which  thero  imme- 
diately overlies  the  coal,  belongs  also  to  the  Permian  rocks,  then  these  dimensions 
must  be  largely  augmented.  At  all  events,  if  we  take  the  maximum  thickness 
of  each  subdivision  as  now  known  to  us,  and  where  each  is  most  developed,  we 
shall  not  exceed  in  estimating  the  Permian  group  of  Britain  at  the  dimensions 
of  at  least  2000  feet 

Admitting  that  the  rod  rocks  overlying  the  coal  of  Cumberland  belong  to  this 
age,  it  follows  that  the  similar  rocks  which  range  into  Dumfriesshire,  and  have 
thero  undergone  many  of  the  same  movements  as  the  carboniferous  rocks,  aro 
also  of  the  Permian  epoch.  In  this  way,  as  I  suggested,  indeed,  some  years 
agof;  the  sandstones  of  Corncockle  Muir,  near  Dumfries,  so  celebrated  as  exhi- 
biting the  footprints  of  the  large  sauroid  and  other  reptilian  animals,  illustrated 
by  Sir  W.  Jardine|,  fall  into  this  category.  The  importance  of  thus  working 
out  the  clear  definition  of  the  rocks  which  really  pertain  to  this  upper  member  of 
the  paleozoic  series  will  be  more  apparent  at  the  close  of  this  chapter,  when  we 
enumerate  all  the  classes  of  fossil  animals  which  aro  known  to  be  of  Permian  age. 

It  is  also  with  good  reason  believed  that  much  of  the  red  rock  which  overlies 
the  coal  of  Ayrshire  is  of  Permian  age,  as  weU  as  those  red  sandstones  in  the  south- 
em  part  of  the  Isle  of  Arran,  which  Sedgwick  and  myself  classed  as  the  New 
Red  Sandstone  at  a  period  when  the  Permian  classification  was  unknown. 

In  the  endeavour  to  trace  the  Permian  rocks  to  the  south  of  the  Manchester 
tract,  we  lose  the  clear  evidence  of  the  foesiliferous  limestone  centro,  though 
calcareous  conglomerates  and  breccias  do  occur  above  the  Lower  Red  Sandstone, 
and  may  probably  be  viewed  as  representing  the  magnesian  limestone  of  the 
northern  counties.  Such,  at  least,  was  my  opinion  when  I  described  these  rocks 
many  years  ago,  particularly  as  exhibited  in  Shropshire,  Stafibrdshire,  and  Wor- 
cestershire. In  those  tracts  the  Lower  Red  (erroneously  called  the  Lower  New 
Red  beforo  the  termPermian  was  proposed)  is  an  arenaceous  formation  of  consider- 
able dimensions,  which,  as  I  then  showed,  had  been  very  successfully  bored  through 

*  Memoirs  of  the  Lit.  and  Phil.  Soc.  of        X  See  Sir  W.  Jardine*B  *  Ichnology  of 

Manchester,  voL  xii.  Session  1854-56.  Aimandale.*   Some  of  the  tracks  have  been 

t  See  Quart.  Joum.  G^l.  Soc.  vol.  vii.  referred  to  Batrachian,  and  others  to  Che- 

p.  163,  and  vol.  xii  p.  267.  Ionian  reptUes. 
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in  search  of  coal  (Sil.  Syst.  p.  68).  To  the  south  of  the  Staffordshiie  coal-field, 
such  Permian  strata  are  seen  to  rest  on  the  Upper  Carboniferous  beds. 

In  that  district  calcareous  matter  so  abounds  in  the  red  Permian  rocks  as  to 
constitute  zones  of  earthy^  subconcretionaiy  limestone,  which  were  pointed  out  as 
being  imdistinguishable  from  comstones  of  the  Old  Red  Sandstone  of  the  adjacent 
coimty  t*  Thus,  lying  between  two  red  deposits  of  similar  structure,  the  position 
of  the  coal  of  Staffordshire  and  Shropshire  realizes  the  aphorism  of  Humboldt^ 
''  que  le  terrain  houiller  n^est  qu'un  accident  dans  le  grand  terrain  du  gr^  rouge.'* 

The  irregtdarity  of  succession  between  the  coal  and  these  Permian  rocks  has 
been  defined  by  Mr.  J.  Beete  Jukes  as  occurring  around  the  S.  Staffordshire  coal- 
field ;  and  on  the  left  bank  of  the  Seyem,  between  Enyille  and  the  Forest  of 
Wyre,  the  whole  of  the  Permian  series  is  thus  represented  by  Professor  Eamsay  t- 

SscnOK  OF  THB  PSBICIAII   BoOKS  BXTWEBN  THX  COAL  OF  THS  FOBEST  OF  WySB 

Aim  THX  New  Bsd  Sandstoitb  of  Ektixle. 
S.W.  N.E. 


a,  Coal-meastunefl.  5,  c,  d,  Permian  rooks  {b,  sandstone  and  red  marl  with  beds  of  oal- 
careouB  oonglomerate ;  c,  coarse  breccia ;  d^  sandstone  and  red  marl),  e^f,  Bmiter 
Sandstone  (0,  lower  brick-red  yariegated  sandstone ;  /,  pebble  beds,  oroonglomenite). 
(*.  Faults.) 

In  this  diagram  we  see  where  the  coal  strata,  a,  lie  imconformably  beneath  the 
red  sandstone,  h,  with  calcareous  courses  and  concretions,  and  how  both  deposits 
have  been  upcast  by  a  great  fault,  a*.  We  further  observe  the  order  of  the 
Permian  rocks  in  this  tract  to  consiat  of,  b,  sandstone,  marl,  calcareous  courses, 
and  conglomerates  beneath,  overlaid  by  a  breccia,  r,  charged  with  fragments  of 
igneous  rocks.  Above  the  last-mentioned  are  the  highest  beds  of  the  Permian 
group  in  this  quarter,  consisting  of  red  sandstone  and  marl,  d',  the  whole  series 
being  crowned  by  imconformable  beds  of  other  red  sandstones  and  conglomerates, 
«,/,  which  constitute  the  lower  members  of  the  Trias  or  New  Red  Sandstone. 

At  Alberbury  and  Cardiston  in  Shropshire,  a  calcareous  conglomerate  over- 
lying the  Lower  Red  Sandstone,  and  dipping  under  other  red  strata,  assumes  so 
mudi  the  character  of  a  bedded,  though  brecciated,  limestone,  and  also  contains 
so  much  magnesia,  that  I  still  consider  it  to  be  probably  the  equivalent  of  the 
Zechstein  (see  Sil.  Syst  p.  63). 

In  advancing  from  the  centre  towards  the  south  of  England,  one  member  only 
of  this  group  of  rocks  is  exposed.  Thus,  the  peculiar  hills  that  range  along  an 
axial  line  from  Abberley  to  Malvern,  and  which,  on  account  of  the  vast  quantity 
of  igneous  materials  contuned  in  them,  I  formerly  considered  to  be  of  eruptive 
origin,  have  since  been  proved  by  Professor  Phillips  §  to  be  a  re-aggregated  trap- 
poid  breccia.  Professor  Ramsay  ||  has  lately  shown,  that  this  rock  is  of  the  same 
age  as  the  breccia,  c,  of  the  last  diagram,  and  that,  besides  felspathic  and  porphy- 
ritic  materials,  it  contains  subangular  blocks  and  fragments  of  old  slaty  rocks, 
mostly  derived  from  the  Longmynd  Mountain  in  Shropshire,  and  the  rocks  of  the 
adjacent  country  of  Shelve,  described  in  the  second  and  third  chapters  of  this 

t  Silurian  System,  p.  56.  AIbo  Mr.  J.  X  Quart.  Joum.  Qeol.  See.,  Aug.  1865. 
Beete  Jukes,  in  Becoras  of  the  School  of  §  Mem.  Geol.  Surv.  vol.  ii.  pt.  1.  p.  112. 
Mines,  voL  ii.  p.  160,  &c.  ||  Joimi.  GeoL  See.  vol.  zi.  p.  155. 
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work.  The  exact  place  of  these  breccias  in  the  Pennian  series,  which  there 
separate  the  Old  Red  from  the  New  Red  Sandstone,  will  be  eventuallj  defined 
by  the  Govenunent  Surveyors,  who  will  also  precisely  coordinate  Ihe  other 
varieties  of  this  British  group,  whether  they  be  the  red,  yellow,  and  white  sand- 
stones overlying  the  coal  and  supporting  the  Magnesian  Limestone,  or  the  varied 
equivalents  of  that  rock  and  its  overlying  red  and  sandy  marls,  &c. 

In  parts  of  their  range  through  the  central  counties,  the  Permian  rocks  have 
been  found  to  contain  plants.  At  Alledey,  for  example,  near  Coventry,  such 
fossils  have  been  long  known  as  existing  in  a  highly  siliciiied  matrix,  like  that 
which  encloses  the  stems  described  in  the  Roth-liegende  of  Germany. 

The  rock  in  which  these  plants  occur  has  only  very  recently  been  separated 
from  the  New  Red  Sandstone,  with  which  it  was  formerly  classed,  through  the 
detailed  examination  of  Professor  Ramsay  and  his  associates.  Geologists  who 
now  acquire  possession  of  the  newly-coloured  maps  explanatory  of  the  structure 
of  those  central  tracts  may  be  surprised  to  find,  that  so  much  of  the  red  sand- 
stone which  ranges  up  to  near  Warwick  also  fonns  part  of  the  series  of  Permian 
rocks ;  some  casts  of  certain  Permian  shells  having  even  been  found  near  Exhall. 
The  best  fossiliferous  British  types  of  the  Permian  group  are,  however,  only  to 
be  seen  in  the  counties  before  enumerated,  which  lie  to  the  north  of  the  river 
Trent 

In  the  north  of  Ireland,  the  true  equivalent  of  the  Magnesian  Limestone — 
similar  in  mineral  character  and  in  fossils  to  the  rock  in  Durham  and  Yorkshire 
— ^has  been  recognized.  A  small  patch  of  it  occurring  at  Cultrea,  on  the  south 
side  of  the  Bay  of  Belfast,  was  first  noticed  by  Mr.  James  Bryce  *,  and  subsequently 
the  fossils  were  described  by  Prof  King  as  species  of  Schizodus,  Mytilus,  Area, 
and  Pleurophorus.  Recently,  the  latter  author,  examining  another  fossiliferous 
localityt  (Tullyconnel  Hill,  near  Artrea,  in  Tyrone),  observed  that  the  parent 
rock  was  a  sandy  dolomite,  which,  like  that  at  Belfast,  overlies  the  carboniferous 
limestone,  and  seems  to  dip  under  red  sandstone.  Among  the  thirteen  species 
of  fossils  from  Artrea,  described  and  figured  by  Eingt,  Mytilus  squamosus, 
Bakevellia  antiqua,  Schizodus  obscurus,  Pleurophorus  costatus,  and  Turbo  heli- 
dnus,  are  common  to  the  deposits  of  the  same  age  in  England  and  the  Conti- 
nent, including  the  far  north-eastern  Petschora-Land  of  Russia,  whence  some 
of  those  species  were  brought  by  my  associate  Keyserling.  The  other  forms, 
including  corals  and  bryozoa,  abound  in  the  Magnesian  Limestone  of  England, 
Thus,  it  is  now  ascertained,  that  the  sea  in  which  those  peculiar  animals 
flourished,  extended  from  the  eastern  to  the  western  extremity  of  Northern 
Europe,  or  over  a  breadth  of  about  2600  miles !  § 

In  comparing  the  Permian  deposits  of  England  with  those  of  Ger- 
many, it  is  worthy  of  remark,  that,  when  examined  from  north  to  south, 
the  mineral  masses  are,  on  the  whole,  found  to  succeed  each  other  in  a 
similar  manner  in  the  two  countries.  Thus,  it  is  in  the  English  northern 
counties,  only,  of  Cumberland,  Durham,  Yorkshire,  and  Nottinghamshire, 

*  Journal  of  the  Geological  Sodety  of  t  '  On  Irish  Penman  Fossils,'  Joum. 

Dublin,  voL  L  G^eoL  8oa  Dublin,  vol.  vii.  pi.  1. 

t  Major- General  Portlookhad  fcnrmerly  §  Permian  fossils  have  latelv  been  dis- 

tr^nsmitted  fossils  from  this  locality  to  covered  in  Texas,  in  beds  overljing  coal- 

DabUn.  deposits. 
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that  we  meet  with  the'true  Magnesian  Limestone,  or  Zechstein,  and  its 
associated  fossils ;  whilst  in  Lancashire,  Shropshire,  Staffordshire,  Wor- 
cestershire, and  Warwickshire,  the  whole  group  is  represented,  as  in 
Southern  Germany,  hy  red  sandstone,  hreccia,  and  conglomerate,  with 
occasional  traces  only  of  calcareous  matter. 

Permian  Fossil  Remains, — ^The  fauna  and  flora  of  the  Permian  rocks  are,  as 
hefore  stated,  essentially  paleozoic ;  for,  whilst  in  great  measure  they  are  spe- 
cifically distinct  from  those  of  the  Carhoniferous  system,  the  amount  of  agree- 
ment in  the  two  groups  is  surprising,  when  we  reflect  upon  the  phenomena, 
adverted  to  in  opening  this  chapter,  of  great  physical  revolutions  which  pretty 
generally  affected  the  known  surface  of  the  earth  at  and  hefore  the  close  of  the 
preceding  or  Carhoniferous  era.  Those  disruptions,  therefore,  however  violent 
and  extensive,  were  not  universal,  hut  were,  we  may  suppose,  so  accompanied 
hy  new  physical  conditions,  as  to  occasion  the  destruction  of  many  species  of 
plants  and  animals. 

•  The  Permian  flora  has  not  heen  yet  so  developed  in  the  British  Ides  as  to 
show  in  what  degree  it  differs  from  that  of  the  Carhoniferous  group,  to  which,  in 
fiict,  it  everywhere  hears  a  resemhlance.  Mr.  Howse,  indeed,  has  said  that  some 
of  the  species  found  in  the  red  sandstones  of  Tynemouth  are  identical  with  coal- 
plants  ;  and,  if  so,  that  rock  must  he  considered  as  Carhoniferous.  At  Ashhy  de  la 
Zouch,  Stemhergia  has  lately  heen  detected,  together  with  silicified  wood,  by 
the  Rev.  W.  H.  Coleman ;  whilst  the  recent  researches  of  the  Geological  Survey 
have  shown,  that  much  of  the  red  rock  of  the  central  counties,  formerly  called 
New  Red  Sandstone,  is  of  Permian  age,  and  that  among  these  masses  must  be 
included  the  rock  of  Allesley  near  Coventry,  which  has  afforded  many  silicifled 

Fossils  (85).    Pebxiav  Plaitts  and  Bbtozoait. 


1.  Caulerpa?  Mlaginoidet,    vmB/M^^  ^^SBr         3.  FencstelU      reCifonnia, 

Sternberg.      S.    Neiuopterit    ^BBm^^  ^.^fBSSIb?^       ^^^         Schlotheim ;       "  Magnesian 

Huttoniana,  King.    Both  are    \Uf^      ^BKt^^^^^tt>^  limestone  '*    of    Humbleton 

from  the  Marl-sUte  of  Dur-    J^ttHS^       .^H^^^^^^E^^        ^*^'  '^^  figures  1  and  3  are 

much  reduced. 


stems  of  plants.  Professor  Sedgwick  *  long  ago  pointed  out  the  traces  of  Cala- 
mites  in  the  Lower  Red  Sandstone,  and  various  specimens  collected  by  him  and 
other  geologists  belong  certainly  to  carboniferous  genera,  as  in  other  countries ; 
but  scarcely  any  of  those  which  have  fallen  under  my  observation  are  sufficientiy 
well  preserved  to  afford  specific  characters.  In  those  beds,  however,  which  are 
subordinate  to  the  Magnesian  Limestone,  the  forms  are  so  well  preserved,  that 
no  difficulty  exists  in  distinguishing  them,  as  in  the  accompanying  figures  of  two 

*  Proc.  GeoL  See.  vol.  i.  p.  344.     Calamit««  occur  also  near  Exhall. 
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foflsil  plants,  found  in  the  marl-slate  of  Durham,  from  Professor  King's  elaborate 
work  *. 

In  certain  foreign  tracts,  however,  which  have  been  examined  in  detail,  the 
Permian  strata  contain  many  more  plants.  The  sandstone  of  Loddve,  before 
adverted  to,  affords,  according  to  M.  Ad.  Brongniart,  ferns  of  the  genera  Sphe- 
nopteris,  Pecopteris,  Neuropteris,  Alethopteris,  and  Callipteris,  with  Annu- 
laria  floribunda  (Sternberg),  and  several  conifers  of  the  genus  Walchiaf.  The 
sandstone  and  conglomerates  (Roth-liegende)  near  Zwickau,  in  Saxony,  have 
rewarded  the  researches  of  Colonel  Ghitbiert  with  about  sixty  species  of  plants. 
A  few  of  these  only  are  known  in  the  Carboniferous  epoch ;  the  greater  number 
of  the  species  being  unknown  in  any  other  deposit  Among  the  plants  most 
characteristic  of  the  group  may  be  mentioned  the  Sphenopteris  eroea,  S.  lobata, 
and  the  great,  reed-like  Calamites  gigas.  Whilst  in  Russia  these  species  of 
plants  are  chiefly  found  above  the  limestone  courses,  they  are  confined  to  the 
lower  strata  of  Saxony,  and  are  there  commingled  with  some  species  known  in 
the  upper  coal  deposits.  The  large  silidfied  stems  of  tree-ferns,  called  Psaro- 
nites,  so  much  admired  by  collectors  for  the  exquisite  conservation  of  the  fibre 
of  the  plant,  and  for  the  beautiful  polish  they  take,  occur  abundantly  in  the 
lower  red  (Permian)  beds  of  Germany$. 

On  the  whole,  it  was  the  opinion  of  Adolphe  Brongniart,  to  whom  the  plants 
brought  from  Russia  were  referred  (plants,  I  repeat,  which  occur  there  in  red 
sandstones  and  marls  above,  or  interlaced  with  fossiliferous  Zechstein),  that  they 
exhibit  a  continuation  of  vegetable  life  with  characters  to  a  great  extent  like 
those  which  prevailed  in  the  Carboniferous  era.  But,  whilst  a  few  of  the  forms 
are  the  same  as  those  of  the  Coal  period,  the  species,  with  very  few  exceptions, 
are  diiierent||.  On  the  contrary,  no  one  of  the  Russian  Permian  genera,  Neu- 
ropteris, Odontopteris,  Lepidodendron,  Sphenopteris,  Noeggerathia,  &c.,  occur  in 
the  overlying  Trias,  in  which,  notwithstanding  the  clear  pr6o&  of  conformity  and 
mineral  passage  between  the  two  groups,  the  geologist  has  before  him  an  entirely 
different  flora. 

Thus,  Professor  GK)ppert  has  found  in  the  Roth-liegende  and  Eupfer-achiefer 
of  Germany,  and  in  the  Permian  rocks  of  Russia,  182  f  species  of  plants,  of  which 
169  occur  in  the  Roth-liegende  alone,  or  lowest  member  of  the  group. 

This  accomplished  botanist  has  fiivoured  me  with  the  following  enumeration 
of  the  number  of  species  in  this  group,  as  condensed  from  a  work  which  he 
is  about  to  publish : — ^viz.  Fuci,  2;  Equisetacese,  5 ;  Calamites,  10;  Filices,97 
LycopodiacesB  and  Lepidodendraceie,  11 ;  Walchi»,  6 ;  Qraminesd  (doubtful) 
Noeggerathiffi,  4 ;  PalmsB,  1 ;  AsterophyUites,  6 ;  Annularis^,  3 ;  Sigillariss,  2 
Cycadee,  9 ;  Coniferse,  Cupressacew,  and  Abietacese,  20 ;  fruits  imdetermined,  6. 

The  essential  result  of  this  examination  is,  that,  in  comparing  the  Permian 

*  Monograph  of  Permian  FofldlB,  1848,         ||  See  '  Bussia  in  Europe,'  Ac  vol.  i. 

pi.  1,  &o.  p<  219 ;  where  Brongniart  names  eLeren 

t  See  Russia  in  Europe,  &o.  toL  L  p.  219.  species  from  these  Russian  beds,  as  belong- 

X  Qmmtz  und  Gutbier,  Geea  von  Saoh-  ing  to  the  genus  Neuropteris,  Odonto- 

sen,  1843.   For  the  figures  of  these  plants,  pteris,  Peoopteris,  Sphenopteris,  and  all 

and  sections  showing  their  position,  see  distinot  from  any  of  the  forms  in  the 

*  Permische  System  in  Sachsen,'  1850.  cool. 

§  The  finest  collection  of  these  *  Psaro-        IT  In  this  number,  182,  are  included 

nites '  extant,  with  which  I  am  acquainted,  the  two  or  three  plants  only  of  the  BritiBh 

is  that  of  my  friend,  the  eminent  botanist,  magnesian  limestone  with  which  M.  G5p- 

Robert  Brown.  pert  is  acquainted. 

2  a2 

Digitized  by  VjOOQIC 


356  SILUBIA.  [Chap.  XHI. 

flora  of  Gernumj  with  that  of  RuBsia,  M.  GK>ppeit  finds  a  yeiy  close  resemblance 
between  the  plants  extracted  firom  the  underlying  Roth-liegende  of  yarious 
German  tracts  *  and  those  obtained  firom  the  strata  in  Russia,  which,  as  before 
observed,  lie  chiefly  above  the  Zechstein.  Thus,  with  the  species  of  the  genera 
Neuropteris,  Odontopteris,  Callipteris,  and  Walchia,  which  have  been  tnms- 
mitted  firom  Russia,  M.  Goppert  identifies  twenty  species  of  his  Silesian  and 
Bohemian  collection.  Hence  the  importance  of  a  comparison,  which  demon- 
strates the  unity  of  the  group  over  so  wide  an  area. 

Again,  he  observes  that  certain  species  of  Walchia,  particularly  Walchia  pisi- 
formis,  with  Gallipteris  (Neuroptens)  oonferta,  Odontopteris  obtusiloba,  Peco- 
pteris  Goepperti,  Morris  and  Brongn.,  Adiantitee  prisca,  Fisch.,  Gleichenites 
GKspperti,  Fisch.,  and  Calamites  gigas,  Brongn.,  are  so  widely  difiused  and  so 
clearly  recognized  in  many  countri^  as  of  Pennian  age,  that  they  may  truly  be 
considered  types  (Leit-Pflanzen).  To  these  may  be  added  the  Sphenopteris 
erosa  and  S.  lobata  as  being  also  very  characteristic 

It  is  admitted  that  this  flora  is,  to  a  great  extent,  composed  of  the  same  families 
and  genera  as  that  of  the  Carboniferous  epoch,  and  that  ferns  and  Calamitea 
prevailed  equally  in  both  periods ;  yet,  when  we  come  to  the  details,  about  eight 
per  cent,  only  of  the  Permian  plants  are  found  to  be  specifically  the  same  as 
those  of  the  Carboniferous  era;  whilst  the  Psaronites  are,  according  to  my 
eminent  fidend  Br.  Robert  Brown,  Permian  types  only. 

Again,  whilst  the  Permian  flora  ia  generically  connected  with  that  of  the  ante- 
cedent but  distinct  formation,  none  of  its  plants  save  one,  the  Voltzia  hetero- 
phylla,  is  known  to  have  lived  on  into  the  succeeding  or  Triassic  formation,  or 
base  of  the  Secondaiy  rocks. 

After  balancing  the  whole  of  the  botanical  evidence,  Goppert  concludes,  with 
Brongniart  and  Morris,  that  this  flora,  whether  composed  of  the  plants  of  the 
Roth-liegende,  or  tEiose  of  the  Zechstein  and  overlytng  beds  in  Russia,  ^en 
from  aU  other  fossUJhraB,  and  marks  strikingly  the  dose  of  the  paleozoic  times, 
of  which  it  retains  the  family  impress,  whilst  it  is  rigidly  separated  from  all  the 
vegetable  products  of  secondary  age. 

The  chief  Permian  animal  remains  bear  also  a  strong  resemblance  to  their 
congeners  of  the  Carboniferous  era.  When  the  work  on  Russia  was  written,  my 
companions  and  myself  were  not  aware  of  more  than  166  fossil  Parmian  species, 
but,  by  the  publication  of  the  works  of  Geinitz  and  von  Schauroth  in  Germany  ty 
and  of  Eang  and  Howse  in  England  t>  this  number  has  been  increased  to  230 ; 
still  this  amount  bears  a  small  proportion,  when  compared  with  that  of  the  pre- 
ceding or  Caiboniferous  epoch,  in  which  about  1060  species  of  animals  which 
have  been  obtained  firom  the  carboniferous  formations  are  already  described. 

The  Permian  limestones  of  England,  Ireland,  Germany,  and  Russia,  are  often 
rich  in  the  remains  of  minute  animals  of  the  Rhizopodous  and  Crustacean 
classes,  and  which  are  not,  in  some  respects,  far  removed  firom  Caiboniferous 

*  Not  onlv  tiiose  enumerated  by  my  GeoL  Qesells.  voL  v.  p.  465,  and  SteinkohL 

aModateB  and  self  in  our  work  on  BuBua^  SachsenB.    The  memoirs  of  von  Schauroth 

but  also  specimens  transmitted  to  M.  Gdp-  (Zeits.  Deut.  QeecL  Ges.  voL  vi.  p.  689 ;  and 

pert  by  rroi.  Eiohwald  and  Mijor  Wan-  vol.  viii.  p.  211)  have  been  pubuahed  since 

genheim  v.  Qoalsn.  the  issue  of  the  first  edition  of  this  work, 

t  Geinitz,    Die   Yersteinerungen    dea  and  have  added  many  new  spedee. 

Deutsohen  Zechsteingebiiges,  1848 ;    on  %  -^^J^*  <^d  Mag.  Nat.  Hiat.  voL  xvii., 

the  Oonularia  Hollebem,  Zeits.  Deutsch.  and  vol.  zix. 
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forms.  The  plate  illufltratiiig  M.  Richter's  memoir  on  the  Thuiingian  Zech- 
stein,  in  the  7thVoliune  of  the  Journal  of  the  German  G^logical  Sodely,  pre- 
sents a  characteristic  group  of  these  little  fossils,  veiy  similar  in  character  to 
those  of  the  British  and  Gtonnan  limestones  of  Permian  age*.  There  is,  how- 
eyer^  a  tiny  creature  not  shown  there,  which  was  first  noticed  hy  Schlotheim 
under  the  name  of  Serpula  pusiUa.  This  has  lately  been  shown  by  Rupert 
Jones  t  to  be  a  Rhizopod  (as  Prof.  King  had  suggested).  It  occurs  in  count- 
less numbers  in  the  black  Zechstein  of  the  Voigtland^  and  in  the  Magnesian 
Limestone  of  Sunderland  and  Tyrone. 

The  Bryozoa  and  Corals  have  the  paleozoic  type  aspect ;  the  small  cup-coral^ 
Polycoelia,  apparently  showing  the  quadripartite  arrangement  of  the  lamelle 
characteristic  of  the  cup-corals  of  the  old  rocks.  The  abundant  Fenestella  reti- 
fomus,  Foss.  85.  f.  3,  and  Synocladia  yirgulacea,  are  also  of  a  type  peculiar  to 
the  primeyal  fauna.  Crinoids  are  rare ;  but  there  is  in  England  a  species  of  the 
genus  Cidaris,  the  earliest  kn9wn  representative  of  the  modem  sea-urchins  f. 
The  Brachiopods  offer  many  Product!  analogous  to,  but  distinct  from,  those  of 
the  Coal  period ;  and  about  five  species,  including  P.  horridus  and  P.  Cancrini, 
the  former  being  the  most  common  Permian  shell  in  Britain  and  Germany 
(Foss.  86b  f.  2).  These  very  species,  Productus  horridus  and  P.  Cancrini,  with 
the  Spirifer  undulatus  and  S.  cristatus  P,  have  been  found  in  the  latitude  of 
Spitzbergen^  and  are  described  in  detail  by  de  Koninck.  Of  the  genus  Spirifer, 
S.  undulatus  (f.  1)  is  the  most  characteristic,  and  S.  cristatus  is  supposed  to  be 
common  to  the  Carboniferous  and  Permian  rocks.  Of  the  genus  Orthis,  which 
prevails  so  greatly  from  the  Lower  Silurian  to  the  CarboniJferous  indusive,  we 
here  find  no  trace,  with  the  exception  of  the  O.  pelargonata,  Schloth. ;  and 
according  to  my  colleague,  Keyserling,  this  anomalous  species  may  even  form  a 
separate  genus.  The  place  of  Orthis  is  possibly  taken,  in  the  Permian  rocks, 
by  the  new  genus  Strophalosia^  King  (Orthothriz  of  Gteinitz$,  or  Aulosteges  of 
Helmersen),  which  is  but  rarely  found  in  older  strata.  Of  the  few  species  of 
Terebratula  which  are  known,  two  or  three  are  exceedingly  abundant,  and  one, 
T.  elongata  of  Schlotheim,  can  scarcely  be  distinguished  from  a  common  car- 
boniferous species.  The  Athyris  Royssii  was  supposed  to  be  identical  with  the 
Devonian  and  Carboniferous  shell.  (See  1st  Edit  of  Siluria,  p.  306.)  But  my 
friend  Keyserling  has  proved  it  to  be  a  distinct  type,  which  he  has  named  Tere- 
bratula Royssiana,  and  also  figured  it  in  a  memoir  ||  by  himself  descriptive  of  the 
fossils  collected  by  the  botanist  Schrenkf . 

*  Compare  the  Khizopoda  and  Ento-  ductus  which  have  a  distinot  hinge-ana 

mostraca  figured  and  desmbed  by  Rupert  and  hinse-teeth. 

Jones  in  ^ng^s  Monog.  PaL  Soc  1848»        ||  PaUontologiBohe  Bemerkongen  von 

by  Beoss  in  the  Jshredb.  Wetterauisch.  A.  Qni  K^serlinf,  in  A.  G.  Schrenk'a 

QeB,  1861,  Kod  by  Richter,  loc.  cU.    Also  Reise  snderSamojeder  and  zum  Arktisbhen 

the  EntomOBtraca  from  RuBsia^  Keyserling,  Uralgebirge.    Zweiter  Theil.  1854. 
Schienk*8  Reise  Arkt.  UnJ.  IT  This  memoir,  prepared  in  1848,  was 

t  Joum.  GeoL  Soo.  Dablin,voLTii.p.78.  not  published  untU  18&4,  and  henoe  some 

t  The  species  of  Cidaris  ofben  quoted  of  the  nomenclature  has  been  set  aside  for 

firom  oarboniferouB  rocks,  belong,  as  has  other  names.    The  work  is  highly  worthy 

been  well  shown  by  M*Coy,  to  a  different  of  consultation.    In  it  the  pfJeontologist 

family.    They  are  now  termed  ArcJuBO-  will  find  that  the  author,  who  has  per- 

eidaris,    SeeAnn.Nat.HiBt.8er.2.  voLiiL  sonally  traced  the  Permian  rooks  over  a 

p.  852.    They  have  lateW  been  found  in  vaster  northern  area  than  any  other  indi- 

the  Devonian  rooks  by  M.  Sandberger.  vidual,  enumerates  the  following  fossils, 

§  Composed  of  those  species  of  Fro-  never  before  described: — Diastopora  la- 
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.  The  genua  PentameruB,  so  characteristic  of  the  Silurian  epoch,  but  me  in  the 
Beyonian  atratay  and  which  has  been  yeiy  seldom  found  in  the  Carboniferous 
locks  of  England,  has  not  yet  been  detected  in  Pennian  deposits.  In  unison,  how- 
ever, with  the  preyailing  law  of  nature,  which,  in  modifying  beings  at  suooessiye 
periods,  often  retained  some  features  of  the  preceding  types,  the  Pentamems 
was  represented  in  the  Permian  division  by  the  curious  terebratuloid  shell, 
named  Camarophoria  by  Professor  King,  which  offers  in  its  internal  arrange- 
ment an  approach  to  the  structure  of  the  Pentamerus.  Two  of  the  most  fre- 
quent Permian  shells,  indeed,  are  C.  (Terebratula)  Schlotheimi,  von  Buch,  and 
C.  superstes,  de  Vemeuil,  both  figured  in  the  work  on  Russia,  vol.  ii.  pL  8. 
figs.  4,  6.  These  singular  brachiopods  also  disappeared  at  the  close  of  the 
Permian  era,  and  their  places  were  occupied  by  genera,  such  as  Terebratula  or 
Rhynchonella,  which  exist  even  in  the  present  day. 

It  is  worthy  of  note,  that  of  the  seventeen  Permian  brachiopods  which  are 
known  in  Britain,  fifteen  occur  in  the  same  strata  in  Qermany ;  whilst  among 
them  are  certain  species,  seven  in  number,  which  extend  their  range  even  to  the 
north-eastern  extremity  of  European  Russia. 

The  following  Table,  published  by  the  distinguished  paleontologist,  Mr.  T. 
Davidson,  shows  this  distribution  of  the  Pennian  Biachiopoda  in  Britain,  Qer- 
many, and  Russia*. 

List  ov  ths  Bsitibh  PEBMiAir  B&aohiopoda. 


In  the  Magnesian  Limestone  of  Britain. 


1.  Terebratula  elonnta,  Sohloth.,  var.  suflUta  

2.  Spirifer  alata,  S<3iloth 

8.  Spirifer  dannyana,  King 

4.  Spiriferixia  oriBtata,  Sohloth 

5.  Spiriferina  multiplicata,  Sow 

6.  Athyris  peotinifera,  Sow 

7.  Camarophoria  Schlotheimi,  von  Budi 

8.  Camarophoria  elobulina,  PhillipB    

9.  Camarophoria  Humbletonensis,  Howae 

10.  Strephorhynohufl  pelargonatus,  Schloth 

11.  ProaaotuB  horridns,  8^ 

12.  ProduotuB  latiroetratns,  HowM  

18.  Strophaloflia  Gtoldfnsn,  MOneter 

14.  Strophalosia  lamelloea,  Qeinits,  var.  Morrisiana.. 

15.  Crania  Kirkbyi,  Dav ; 

16.  Disdna  Koninokii,  Qebits  

17.  Lingula  Credneri,  Qeiniti    


Oocorring  also  in 
G^ermany.       Bumia. 


The  annexed  woodcut  represents  a  few  only  of  the  typical  Permian  fossils ; 
the  figures  being  about  half  the  natural  lineal  dimensions. 
In  the  lamellibranchiate  shells  (the  Dimyaria  and  Monomyaria  of  most  geolo- 


biata,  Strophalosia  tholus,  Pleurotomaria 
atomuB,  and  nz  Bpedee  of  Ostraoodes, 
which  require  to  be  compared  with  Ihe 
forms  described  by  Bupert  Jones,  Bents  of 
Prague,  and  Bichter  of  Saalfeld.  Count 
Keyserling  makes  the  important  obeerra- 
tion,  that  as  the  Ostraoodes  are  very  gene- 


rally present  throughout  vast  spaces  of 
BuBsia  in  beds  of  Pennian  rock  which  con- 
tain no  other  fossil,  it  is  essential  to  speak 
of  these  foBBils  sb  singularly  oharaotenstio 
of  the  formation. 

*  See  Monograph  Palaontogrukh.  Soc. 
1868. 
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gical  works),  we  note  the  same  diminution  of  genera  and  species  in  reference  to 
deposits  of  previous  eras ;  and,  whilst  not  less  than  288  species  are  known  in 
the  Carboniferous,  about  68  only  have  been  obtained  in  the  Permian  deposits. 
Modiola  is  as  yet  one  of  the  most  characteristic  genera ;  M.  Pallasi  and  M.  septifera 
being  common  forms.  Schizodus,  King  (pUm  Azinus),  is  also  a  characteristic 
genus :  S.  obecurus  and  S.  tnmcatus  are  from  Western  Europe ;  both  of  them 
are,  however,  common  in  England  and  Russia.  S.  Rossicus,  de  Vemeuil,  is  a 
•Russian  species  only.    The  genus  Avicula  is  also  abundant ;  the  small  spinose 

Fossils  (86).    Pebmiait  Shells. 


I.    Spirifer  undulctos,  Sow.                                   ^^^ft^^S^  *•  Stropludotia     Morriaiana, 

S.  Prodnetiu  horridu*,  Sow.   3.                                             '  '"^  King.    (These  species,  except, 

Schiiodus    (AzuMis)   obscurns,                    '  ,^^                    /^  ^  perhaps,     the    Schiaodus,    are 

Sow.     AH  from  the  county  of                   "SJf                 /  equally   common    in   Oennany 

I>urham.  i^  ^t— ,— i^.^        +  as  In  Britain.) 


A.  Kazanensis  being  common  in  Russia.  The  Avicula  speluncaria  of  Schlot- 
heim,  one  of  the  most  characteristic  species  of  Western  Europe,  was  found  also 
by  Keyserling,  on  the  banks  of  the  Pinega  in  the  province  of  Archangel,  whilst 
A.  keratophaga  and  A.  antiqua,  Miinst.,  are  also  frequent  in  the  west.  Area 
tumida,  Sowerby,  and  species  of  Edmondia,  Myacites,  &c.  are  British  sheUs  of 
this  age. 

''The  Oasteropods*  appear  to  have  undergone  great  diminution  during  the 
formation  of  the  Permian  strata,  and  to  have  had  great  difficulty  in  accommodating 
themselves  to  new  conditions.  For,  if  we  pass  over  the  seven  minute  species  of 
Turbo  and  Rissoa,  occurring  in  one  locality  near  Manchester,  the  number  of 
Gasteropods  known  throughout  England,  Germany,  and  Russia,  in  rocks  of  this 
age,  amounts  to  but  fifteen  [note  twenty-one]  species,  a  number  which  must 
appear  still  more  insignificant,  when  we  reflect  that  as  many  as  225  species  of 
this  class  are  known  in  the  carboniferous  rocks.  These  fifteen  Permian  species  are 
almost  all  new,  three  only  having  been  able  to  live  on  from  the  Carboniferous  to 
the  Permian  epoch.  The  rarity  of  individual  Gasteropods,  which  are  met  with 
in  the  strata,  seems  to  combine  with  the  paucity  of  species  to  make  us  presume 
that  the  causes  which  were  opposed  to  their  free  development  produced  very 
extensive  effects. 

*'  The  Cephalopods,  which,  under  the  forms  of  Goniatites,  Nautilus,  and  Ortho- 
ceras,  were  so  numerous  during  the  Carboniferous  period  that  160  species  [now 
many  more]  have  been  already  described  from  its  strata,  were  almost  entirely 
annihilated  previous  to  the  commencement  of  the  Permian  era. 

''  At  least  it  is  remarkable,  that,  with  the  exception  of  a  Nautilus,  N.  Fries- 

*  The  three  following  paragraphB  are  extracted  from '  Bussia  in  Europe,'  vol.  L  p.  209. 
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lebeni,  Geinitz,  no  weU-characterized  cephalopod  has  been  detected  in  the  whole 
extent  of  the  formation. 

''Trilobites  are  entirely  wanting.  In  the  study  of  the  paleozoic  succession, 
we  see  that  the  disappearance  of  this  race  is  regularly  announced  by  a  gradual 
diminution  of  its  numbers  during  the  preceding  epochs.  Appearing  among  the 
earliest  forms  of  life,  and  haying  their  maximum  of  development  in  the  Silurian 
period,  Trilobites  decrease  Teiy  sensibly  in  the. Devonian  strata,  and  in  the 
Carboniferous  deposits  are  reduced  to  some  small  species,  of  which  Phillipsia 
and  Ghiffithides  are  the  last  expiring  forms.  And  here  we  are  presented  with 
one  of  those  beautiful  Unks  in  natural  history,  of  which  the  strata  forming  the 
earth's  crust  have  aftbrded  so  many  proo£s.  For,  with  the  final  extinction  of  a 
fiamily  destined  never  more  to  reappear,  its  place  is  taken  by  an  allied  crustacean, 
the  Ldmulus,  the  earliest  form  of  which  was  created  during  the  formation  of  the 
great  coal-fields,  and  was  followed,  in  our  Permian  system,  by  the  large  and 
remarkable  species  as  yet  peculiar  to  Bussia,  the  Limulus  oculatus  (Eutorga). 
Unlike  the  trilobite,  the  Limulus  has  survived  all  the  numerous  revolutions 
which  have  followed  its  creation,  and  some  of  its  species  are  co-existent  with 
our  own  race." 

On  the  whole,  therefore,  if  only  a  veiy  few  species  of  mollusks  are  common  to 
the  older  rocks  and  the  Permian,  the  latter  still  retains  its  connexion  with  the 
former  through  the  genera  Productus,  Spirifer,  and  Strophalosia,  its  peculiar 
group  of  corals,  and  of  Bryozoa  (FenesteUse,  &c.).  It  is  the  constant  difiusion 
of  many  individuals  of  such  forms,  which  induced  my  associates  and  myself  to 
hold  firm  to  the  term  Permian,  as  marking  the  close  of  primeval  life,  and  in 
separating  it  entirely  from  the  Trias  and  Secondaiy  deposits,  in  common  with 
which  it  contains  no  animal  form. 

The  fossil  fishes  of  this  era,  of  which  fifty-three  species  are  known  (besides 
several  which  are  undescribed),  aU  belong,  like  their  precursors  in  more  ancient 
times,  to  the  division  with  heterocercal  tails ;  a  distinction  that  becomes  eva- 
nescent in  the  succeeding  Secondary  and  Tertiary  formations,  and  in  our  era  is 
confined  to  the  Shark  and  Sturgeon  families ;  nearly  aU  other  species  now  living, 
about  8000  in  number,  having  homocercal  tails. 

FoBBiLB  (87).    Tv&uun  Fish. 


PlatysomuB  striatus,  Agassiz ;  firom  the  Marl  Slate,  Durham. 

Of  true  heterocercal  fishes  of  the  Permian  group,  two  figures  only  are  here 
given,  by  which  the  reader  will  see  that  the  back-bone  is  prolonged  with  a  bend 
into  the  end  of  the  upper  lobe  of  the  tail ;  whilst  in  the  homocercal  fishes,  or 
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those  common  in  the  yomiger  rocks  and  in  the  present  day,  it  terminates  in  the 
middle,  between  the  equally  balanced  fins  of  the  taiL 

The  PalflBoniscus,  I^goptems,  Coelacanthus,  Plenracanthus  (Xenacanthus), 
Acanthodes,  Acrolepis,  and  Platysomus,  which  are  the  preyailing  genera  of  the 
Permian  era  (the  same  forms  being  found  in  England,  Germany,  and  Russia),  are 
also  known  in  the  Carboniferous  epoch,  but  all  the  Permian  species  are  distinct. 

FoBBiis  (88).    Pbbmiak  Fish. 


Palsoniscus  Frieslebeni,  Agass. ;  from  the  Kupfer-schiefer  of  Mansfeld  in  Germany. 

Lastly,  in  enumerating  the  chief  features  of  the  Permian  fauna,  we  have  to 
recollect,  that  whilst  a  very  few  reptiles  have  been  found  in  the  next  subjacent 
formation  (Carboniferous),  and  one  only  in  the  Devonian,  the  strata  of  this  newer 
era  contain  the  relics  of  Thecodont  Saurians,  which  Owen  refers  to  a  higher  order 
of  reptiles  than  any  of  the  older  fossils  of  this  family,  by  showing  that  they  had 
limbs  as  well  organized  as  in  the  living  Monitor  *.  The  Protorosaurus,  v.  Meyer, 
and  Khopalodon,  flscher,  were,  according  to  him,  Sauri  which  occasionally 
walked  on  dry  land. 

Struck  with  the  fact  of  the  Permian  deposits  containing  Saurians,  Conybeare  f 
and  Agassiz  thought  that  the  group  ought  to  be  placed  at  the  base  of  the 
Secondary  rocks,  which  mark  the  great  era  of  reptiles.  But  the  recent  discovery 
of  Sauroid  Batrachians  in  the  Carboniferous  rocks  of  Europe  and  America,  and 
even  of  one  reptile  in  the  Upper  Devonian,  have  satisfied  my  colleagues  and  my- 


*  See  BuBsia  in  Europe,  voL  L  p.  218 ; 
and  Prof.  Owen's  deeoription,  p.  637,  App. 
My  firiend  Major  Wangenheim  von  Qualen, 
to  whom  my  assooiatee  and  myself  were 
much  indebted  for  information  respecting 
the  structure  of  the  Permian  rocks  of  Oren- 
burg, has  sinoe  our  visit  detected  bones  of 
another  reptile,  which  occurs,  not,  like  the 
remains  of  the  Bhopalodon  (Fischer),  in 
the  sandstone  and  conglomerate,  but  in 
the  limestone  (Zechstein)  of  the  formation. 
The  preservation  of  the  head  of  this  animal 
has  enabled  M.  Eichwald  to  assign  to  it  the 
name  of  Zygosaurus  Lucius,  and  to  com- 
pare it  with  the  Crocodile.  On  referring 
M.  Eichwald*8  description  (Bull.  Soc.  Imp. 
Nat.  Mosoou,  1852,  No.  4)  to  Prof.  Owen, 
that  oelebrateid  comparative  anatomist  thus 
writes  to  me : — "The  characters  which 
M.  Eichwald  points  out  in  his  fossil,  as  ^ 
resembling  those  in  the  Crocodile,   also" 


occur  in  the  fossil  skulls  of  the  Labyrintho- 
dont  reptiles;  and  the  observation  upon 
the  number  and  comparatively  small  size 
of  the  teeth,  in  the  Permian  reptile,  would 
lead  to  a  suspicion  that  it  may  really  be- 
long to  the  Labyrinthodont  fiunily.  All 
doubt  would  be  removed  by  an  inspection 
of  the  occiput  of  M.  Eichwald's  fo«sil :  if 
that  part  presented  a  single  condyle  for 
articiuation  with  the  neck-verteorsB,  it 
would  determine  the  accuracy  of  his  views 
of  its  affinities ;  but  if  the  occiput  showed 
a  pair  of  condyles,  it  would  prove  the  fos- 
sil to  be  a  Sauroid  Batrachian." 

t  My  esteemed  friend,  the  late  eminent 
Dean  of  Asaph,  equally  distinguished  for 
the  broad  geoiogiocd  views  put  forth  in  his 
*  Outlines  of  the  Geology  of  England,*  as 
for  his  anatomical  illustrations  of  Saurian 
reptiles  (see  TraoB.  G^l.  Soc.  vol.  v.  p.  559 ; 
and  2nd  ser.  vol.  i.  pp.  103  k  881). 


Digitized  by  VjOOQIC 


862  SILUEIA.  [Chap.  Xm. 

self  that  this  aigument  was  insufficient,  and  that  we  were  right  in  being  guided 
by  the  general  facies  of  the  moUusks  and  plants,  and  in  grouping  the  Permian 
(as  Phillips  had,  indeed,  previously  grouped  the  Magnesian  Ldmestone)  with 
those  antecedent  deposits  to  which  it  is  naturally  attached  by  many  links. 

The  Labyrinthodon  Bucklandi  (Lloyd),  firom  the  neighbourhood  of  Kenil- 
worth,  was  found  in  red  sandstones  once  considered  to  be  of  Triassic  age,  but 
since  assigned  to  the  Permian  period*. 

In  reviewing  the  few  reptiles  of  the  upper  paleozoic  rocks  which  have  been 
discovered,  we  have  yet  scarcely  sufficient  materials  to  enable  us  to  decide  on  the 
relative  value  of  such  animals  in  the  scale  of  creation.  As  far,  however,  as  the 
above-mentioned  evidences  go.  Professor  Owen  is  of  opinion,  that  the  solitary, 
small  reptile  of  the  Upper  Old  Red  Sandstone,  found  in  the  vicinity  of  Elgin 
(see  p.  289),  belongs  to  the  Lacertilia^  a  higher  order  than  the  Batrachia,  to 
which  the  reptiles  of  the  Coal  are  referred.  At  the  same  time,  the  latter  possess 
characters  in  their  skull  and  teeth  which  bring  them  nearer  to  the  Sauroid  fishes 
than  any  modem  Batrachian. 

The  same  eminent  comparative  anatomist  affirms,  that  the  Thecodonts  of  the 
Permian  are  more  nearly  allied  to  the  Crocodilians  of  the  Lias,  and  so  to  the 
higher  order  of  reptiles,  than  any  living  Monitor;  and  ''just,"  says  he,  ''as  the 
coal  Batrachia  are  more  sauroid,  so  the  Lacertilian  Sauroids  of  the  Trias  (New 
Red)  are  more  crocodilian  than  existing  frogs  and  lizards  are."  In  a  letter  to 
myself,  from  which  the  above  view  is  derived,  he  adds,  "So  far  as  the  reptiles 
of  the  Upper  Old  Red,  Coal,  and  Permian  are  known,  they  support  the  general 
fact,  that  the  more  ancient  forms  of  vertebrata  adhered  closer  to  the  general 
archetype  of  that  subkingdom  than  the  more  modem  forms.*' 

Thus  we  leam^  that  in  the  oldest  rocks  (Upper  Paleozoic),  in 
which  they  first  appear,  the  reptiles  are  as  wonderful  and  elaborate 
in  structure  as  the  primeval  fishes  which  accompanied  them,  or  as 
the  corab,  crinoids,  shells,  and  Crustacea  which  preceded  them 
during  the  Silurian  or  Lower  Paleozoic  epoch. 

In  concluding  this  chapter,  it  may,  indeed,  be  re-assertedf^  that 
the  mass  of  the  organic  remains  of  the  Permian  group  constitute 
a  remnant  only  of  the  earlier  animals,  the  various  developments 
of  which  we  have  followed  in  the  preceding  pages.  They  exhibit 
the  last  of  the  successive  changes  which  these  creatures  under- 
went before  their  final  disappearance.  The  dwindling  away  and 
extinction  of  many  of  the  types,  which  were  produced  and  multi- 
plied during  the  anterior  epochs,  already  announce  the  end  of  the 
long  paleozoic  period. 

Jn  ascending  above  the  highest  of  the  Permian  deposits,  the  geo- 
logist takes,  indeed,  a  sudden  and  final  leave  of  nearly  everything 

*  See  Bamsay  on  the  Permian  Breooia,  Quart.  Joura.  Qeol.  Soc.  Lend.  vol.  zL  p.  198. 
t  See  BuBsia  in  Europe,  vol.  i.  p.  205. 
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in  nature  to  which  the  words  primary^  primeval,  or  paleozoic  have 
been  or  can  be  applied. 

In  short,  the  two  greatest  revolutions  in  the  extinct  organic  world 
are  those  which  separated  the  paleozoic  rocks  from  the  mesozoic  or 
secondary  strata,  and  the  latter  from  the  cainozoic  or  tertiary  and 
modem  deposits. 

To  the  consideration  of  these  two  remarkable  revolutions  in  the 
history  of  former  races,  I  shall  revert  in  the  concluding  chapter. 


F.S.  Having  requested  my  friend  Professor  Owen  to  favour  me  with 
his  views  respecting  the  Permian  reptiles,  compared  with  those  which 
preceded  and  those  which  came  after  them,  he  has  kindly  enabled  me 
to  state,  that  the  characteristic  reptiles  of  the  Coal  (the  Archegosauri) 
are  related  to  the  Batrachians,  on  one  hand,  and  to  the  so-called  Sauroid 
Fishes,  on  the  other ;  and  the  Labyrinthodont  SeptUes  of  the  Trias  also 
show  similar  alliances.  The  Thuringian  Protorosaurus,  however,  was 
decidedly  of  a  higher  order  of  reptiles,  having  well-organized  Umbs  and 
vertebrsB ;  it  was  related  to  the  Monitors  of  the  present  day,  and  was 
probably  of  aquatic  habits.  The  Bussian  Bhopalodon,  and  the  Thecodon- 
tosaurus  and  Palaeosaums  of  Bristol,  belong  also  to  the  same  well- 
organized  Saurian  family;  therein  resembling  the  Cladyodon  and  Belodon 
of  the  Trias.  All  these  reptiles,  in  their  thecodont  dentition,  sub-bicon- 
cave vertebrs,  double-jointed  ribs,  well-developed  limb-bones,  and  un- 
guiculate  extremities,  show  as  high  a  grade  of  organization  as  the  Teleo- 
saurus :  in  the  number  (three)  of  sacral  vertebne  they  approach  the 
Dinosauria,  like  which  they  combine  a  lacertian  form  of  tooth  and 
lacertdan  type  of  pectoral  arch  with  the  above  crocodilian  characters. 
The  Bhynchosaurus  of  the  New  Bed  Sandstone  participates,  with  the 
Thecodonts  of  the  Bristol  conglomerate,  in  the  peculiar  monilifonn 
spinal  canal. 
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CHAPTER  XIV. 

GENERAL  VIEW  OP  THE  SILURIAN,  DEVONIAN,  AND  CARBONI- 
FEROUS ROCKS  OF  SCANDINAVIA  AND  RUSSIA. 

CoMPLBTiNG  in  the  last  chapter  a  notice  of  the  Paleozoic  locks^  in 
ascending  order,  by  a  sketch  of  the  Permian  deposits,  special  refer- 
ences were  made  to  Russia,  whence  the  name  '  Permian '  was  taken, 
and  to  Germany,  where  the  different  strata  of  the  group  had  been 
so  long  studied.  Let  us  now  endeavour  to  delineate  in  broad  out- 
line the  continental  equivalents  of  the  Silurian,  Devonian,  and 
Carboniferous  rocks  of  Britain. 

Throughout  large  portions  of  Western  Europe,  ue.  Germany, 
France,  Spain,  and  Portugal,  these  paleozoic  deposits  have  been,  in 
some  tracts,  so  much  metamorphosed  and  crystallized,  in  others  so 
penetrated  by  igneous  rocks,  and  even  so  dislocated,  that  notwith- 
standing the  researches  of  many  good  geologists  and  mineralogists, 
the  task  of  reducing  them  to  a  normal  order  of  succession  is  £Eur 
firom  being  completed.  Deferring,  therefore,  such  explanation  of 
these  complicated  regions  as  may  be  practicable,  let  us  first  take  a 
view  of  the  succession  of  primeval  life  in  Scandinavia  and  Russia 
in  Europe,  where,  on  the  contrary,  the  series  of  the  older  fossil- 
bearing  sediments  is  exhibited,  over  very  wide  areas,  in  the  clearest 
and  most  symmetrical  order,  and  for  the  most  part  uninterrupted 
by  the  intrusion  of  igneous  or  volcanic  rocks'^. 

*  Th6  limitfl  of  this  work  do  not  permit  the  '  Archiy  for  wisseiiBchaftliche  Kimde 

any  attempt  to  delineate  the  mineral  com-  von  Russland,*  oondnoted  by  M.  Adolf  £r- 

position  of  the  Ural  Mountains,  except  to  mann,  the  explorer  of  North-eastern  Siberia 

mdicate,  by  the  way,  how  clearly  they  ex-  and  Kamtschafcka.  Among  the  authors  who 

hibit  the  metamorphism  of  the  paleozoic  have  written  on  the  mineral  structure  of 

deposits  of  Russia  in  Europe.    An  ac-  Siberia,  Helmersen  and  Hoffinann  also 

quaintanoe  with  many  of  tneir  natural  stand  out  conspicuously,  as  will  be  seen  by 

productions  must  be  sought  in  the  works  those  who  consult  their  publications  in  the 

of  authors,  from  the  time  of  Pallas  to  the  '  Annuaire  des  Mines  de  Russie.'     The 

days  of  the  most  illustrious  of  all  travellers,  splendid  work  also  of  M.  Pierre  de  Tchi- 

Humboldt,  who  explored  these  regions  hatcheff,  on  the  Altai  Mountains,  and 

aooompanied  by  his  friends  Ghistaf  Rose  many  others  would  have  to  be  noticed ; 

and  iMrenbeig,  and  extended  the  lights  but  as  this  volume  is  chiefly  an  outline  of 

ofphvsical  science  to  the  frontiers  of  Oluna.  the  nature  and  succession  of  the  older 

Besides  the  *  Reise  nach  dem  Ural,  dem  sediments,  I  cannot  here  expatiate  upon 

Altai,'  &c,,  of  those  authors,  the  reader  thelaboursof  many  of  my  contemporaries. 

wUl  find  a  great  body  of  information  in  In  the  work  *  Russia  and   the   Ural 
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In  Scaadinavia  and  Lapland^  ancient  crTstalline  rocks  occupying 
the  chief  mass  of  that  territory^  and  consisting  to  a  great  extent  of 
granite  and  gneiss^  with  many  varieties  of  schistose  and  qnartzose 
strata^  often  metalliferous^  in  which  nothing  organic  has  been  dis- 
covered, are  covered  at  intervab  by  true  representatives  of  the 
Silurian  rocks. 

The  inferior  beds,  which  are  charged  with  animal  remains,  are 
clearly  the  equivalents  of  the  lowest  Silurian  strata  of  the  British 
Isles,  Bohemia,  and  other  countries. 

The  first  of  the  following  diagrams  represents  the  succession  of  Lower 
Silurian  deposits  from  a  base  of  crystalline  gneiss  and  associated  strata 
near  Eonnekulle  in  Sweden*. 

LOWXB  SlLUBIAN  StBATA  OT  SwZDXK  BIFO0IKO  ON  GlTEIBS. 


(From  *  Bossia  in  Europe,*  p.  15.) 


d.  Black  graptolite 
schiBts.  c.  (Mhooera- 
tite  limeBtone.  i.iiluin 
slates,  a.  Lowest  or 
fucoid  sandstone. 


ffn.  Gneiss.         t  Trap  or  eraptire  greenstone.         bl.  Erratic  blocks. 

In  other  parts  of  Sweden,  as  near  the  Billingen  Hills,  the  two  lower 
strata,  a,  5,  of  the  above  section  are  seen  to  rest  upon  granitic  rocks 
without  any  intervening  crystalline  schists.  In  such  cases  the  lowest 
sandstone,  which  is  used  as  a  millstone,  is  simply  a  re-aggregated  granite, 


Mountains,*  references  are  giyen  to  the 
authors,  both  anterior  and  oontemporaiy, 
who  have  illustrated  the  older  sedimentary 
deposits  and  their  fossils  in  the  Bussian 
Empire.  Special  allusion  is  there  made 
to  the  first,  and  a  yery  able,  attempt  at  the 
construction  of  a  geological  map  of  Bussia 
by  the  Hon.  W.  Fox  Strangways,  and  to 
his  original  sketch  of  the  enyirons  of  St. 
Petersburg,  in  Trans.  G^l.  Soc.  Lond.  1  ser. 
yoL  y.  p.  392.  Beferenoee  are  of  course 
also  made  to  ihe  original  work  of  Pander 
on  the  fossils  of  the  same  district,  and  to 
Eichwald's '  Syst^meSilurien  derEsthonie.' 
Since  the  publication  of  our  work,  my 


firiends  and  self  haye  been  gratified  by  seeing 
it  translated  (1849)  into  the  Bussian  lan- 
guage by  Colonel  Osersky,  who  has  added 
some  important  data  from  his  own  obser- 
yation  and  other  sources,  including  correc- 
tions of  our  eeneral  geoloeical  map. 

*  A  detailed  geological  map,  including 
all  the  crystalline  and  metalliferous  rocks 
of  Sweden,  has  for  some  time  been  in  re- 
paration, but  is  not  yet  published.  This 
task  was  undertaken  by  MM.  Forsells, 
Erdmann,  Franzen,  and  iSroilius,  but  aban- 
doned. M.£rdmann,whohasli^yyisited 
Ei^land,  has  now  taken  it  up  by  authority, 
and  will,  I  trust,  complete  this  work. 
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the  arkose  of  Brongniart ;  the  materials  being  deriyed  from  the  sub- 
jacent rock. 

Oldest  Silttbiait  Stkata  of  Sweden  sbstiko  on  Gbanite. 
(From  '  BuBflia  in  Europe^*  p.  16.) 


h.  Alum  schist.         a.  Fuooid  sandstone.         of,  Arkose.         gr.  Gbanite. 

Now,  whether  the  subjacent  rocks  be  composed  of  granite,  granitic 
gneiss,  or  flinty  slates,  quartzose  or  other  ciystalline  masses,  the  funda- 
mental strata  in  which  any  traces  of  former  life  can  be  detected  are 
sandstones  and  schists,  which  stand  in  the  place  of  the  lower  fossiliferous 
beds  of  Britain,  and  of  that  primordial  zone  in  Bohemia  which  will 
presently  be  noticed.  The  bottom  beds  contain  fucoids,  or  casts  of  sea- 
weeds only ;  but  the  lowest  band  of  schist  is  well  characterized  by  its 
fossils  in  several  parts  of  Sweden,  and  particularly  at  Andrarum,  where 
it  contains  trilobites  of  the  genera  Faradozides,  Olenus,  Gonocephalus, 
Agnostus,  &c. 

The  limestones  which  next  overlie  (<;,  of  the  section  at  p.  865),  and 
which  abound  in  Orthidse,  large  Orthoceratites,  Trilobites,  and  CystidesB, 
are  distinctly  the  equivalent  of  the  British  Llandeilo  formation  of  schists, 
flags,  and  limestone,  &c.  Above  these,  but  connected  with  them,  is  a 
considerable  mass  of  shale  or  schist,  chiefly  characterized  by  G-raptolites, 
and  this  is  covered  by  other  limestones,  which  in  Gk>thland  are  profusely 
charged  with  very  many  of  the  same  species  of  shells  and  corals  as  are 
found  in  the  limestones  of  Wenlock  and  Dudley.  The  whole  of  this  series 
is  capped,  in  the  south  of  Gothland,  by  certain  sandy  strata,  which  are 
supposed  to  be  meagre  equivalents  of  the  Ludlow  rocks*. 

Whilst,  however,  the  organic  remains  of  the  Silurian  rocks  of  Sweden 
have  been  elaborately  and  ably  described  by  various  authorsf,  there  is 
nowhere  to  be  seen,  in  any  one  tract  of  that  kingdom,  the  same  concen- 


*  See  details  of  this  succession,  by 
Mnrchison  and  deVemeuil,  Quart.  Journ. 
GeoL  Soc.  Lond.  vol.  iii.  p.  1. 

t  See*Pal0ontologiaSueeica,'pt.l.  In 
this  brief  sketch,  no  justice  can  be  done  to 
the  numerouB  works  on  the  rooks  and  fos- 
sils of  Swedenand  Norway;  countries  which, 
from  tiie  time  of  Linneus  to  the  present 
day,  have  contributed  bo  much  to  the  pro- 
gress of  natural  history.  In  the  memoirs 
of  Nilflson  of  our  time,  in  those  of  Wahl- 
enberg  and  Qyllenberg  of  past  years,  and 
in  the  works  of  Lot^  and  Angelin,  which 
have  recently  appeared,  the  fossil  organic 
remains  have  received  much  illustration  in 


addition  to  the  knowledge  formerly  com- 
municated in  the  *Lethfea  Suecica'  (1837) 
ofHiflinger.  The'GheaNorregica'ofKeil- 
hau  has  great  merit  for  its  description  of 
the  lithological  character  of  the  various 
Norwegian  rocks.  But  the  work  which  has 
completely  worked  out  the  predse  relation 
of  the  component  parts  of  the  Silurian 
rocks  of  Norway  is  that  of  M.  Kjerulf. 
It  is  from  this  puolication  that  all  the  fresh 
data  in  this  new  edition  of  '  Siluria  *  are 
derived,  which  determine  with  so  much 
exactness  the  similarity  of  the  English  and 
Norwegian  Silurians. 
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trated  succession  of  all  these  strata  from  their  base  upwards,  or  one 
natural  section  so  dearly  connecting  the  Lower  and  Upper  Silurian,  as 
is  exhibited  in  Norway,  and  particularly  in  the  territoiy  of  Ghristiania. 
There,  as  formerly  described  by  myself,  various  strata,  clearly  divisible 
into  *  Lower '  and  *  Upper  *  Silurian  through  their  characteristic  fossils, 
are  regularly  exhibited  in  a  veiy  small  compass  in  the  Steensfiord,  between 
the  river  Drammen  and  the  Krokleven,  to  the  west  of  Ghristiania,  where 
their  uppermost  member  is  conformably  overlaid  by  a  great  accumulation 
of  Old  Bed  Sandstone  with  conglomerate,  as  expressed  in  the  two  fol- 
lowing diagrams*,  prepared  on  the  spot  by  myself  in  1844. 

SucoESSiOK  nr  Nobwat.    (From  '  Buflsia  in  Europe,'  p.  10.) 


Lower  Silurian.  Upper  Silurian.  Old  Bed  Sandstone. 

o.  Azoic  d^talline  rocks,  a.  Lower  sandstones,  schists,  limestone,  and  flags,  h.  Lime- 
stone, with  FentamerL  c.  Coralline  limestone  (Wenlock).  <{.  Calcareous  flagstones 
(Ludlow),  e.  Old  Bed  Sandstone,  (p.  Bhombic  porphyry,  t.  Other  eruptire 
rocks.)  • 

The  same  strata  prevail  in  the  Bay  of  Ghristiania ;  but  there  they  are 
at  many  points  contorted  and  penetrated  by  syenites,  greenstones,  and 
hypersthenic  rocks,  whereby  the  lower  alum  schists  are  here  and  there 
crystallized,  and  the  limestone,  ft,  converted  into  marble.  The  next  sec- 
tion (a  continuation  to  the  east  of  the  preceding  diagram)  explains  their 
relations,  and  shows  how  the  imdulating  and  broken  masses,  regaining 
their  order,  fold  over  and  dip  under  a  great  mass  of  Old  Eed  Sandstone, 
the  eastern  extremity  only  of  which  is  represented  in  the  preceding 
diagram. 

W.  E. 

Ringerifge.  ChrtotlMiU.   Bgebetf^ 

yma^t^ .  .■.  .'ij.'..  .  »" 

e.  Old  Bed  Sandstone.  <{.  Calcareous  flagstones,  c.  Coralline  limestone  and  shale 
(Wenlock),  beautifully  exposed  in  many  islands  of  the  bay.  i.  Limestone,  in 
parts  a  marble  (ParacQs-backen).  a.  Lower  Silurian  schists,  &o.,  in  parts  altered. 
o.  A2oic  gneiss,  t.  Various  eruptiye  rooks.  (The  i  of  this  section  represents  most 
of  the  intrusive  rocks,  whether  syenites,  greenstones,  porphyries,  or  younser  granites, 
which  hare  been  forced  through  the  strata,  f  refers  to  the  large  rhombic  porphyry 
on  the  summit  of  the  plateau. ) 

Having  now  adverted  to  the  sections  of  this  tract  which  I  made  in  1844, 
when  I  first  placed  the  older  fossiliferous  strata  of  Norway  in  parallel  with  the 

*  For  the  particulars  of  these  pheno-  Paleozoic  Deposits  of  Scandinavia,  &c.,  and 

mena,  consult  '  Bussia  in  Etirope,^vol.  L  their  Relations  to  Azoic  or  more  Becent 

LIO  €t  M^.,  and  Quart.  Joum.  GeoL  Soc.  Crystalline  Bocks '),  1845. 
nd.  voL  L  p.  467  (Murchison  *  On  the 
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Silurian  and  Beyonian  locks  of  my  own  country,  and  showed  that  the  thousands 
of  feet  of  the  Silurian  strata  of  Britain  are  fiilly  represented,  as  respects  their 
fossils,  by  the  hundreds  of  feet  only  which  exist  in  Norway,  it  is  most  gratifying 
to  find  my  inferences  are  proved  to  be  true  by  the  recent  detailed  labours  of 
M.  Theodor  Kjerulf  •. 

Dividing  the  whole  Silurian  series  of  Norway  into  the  three  physical  groups 
of  Oslo,  Oscarskal,  and  Malmo,  M.  Kjerulf  has  recognized  fourteen  distinct  fos- 
siUferous  bands,  as  exhibited  in  the  opposite  sections. 

The  same  zealous  author  has  published  a  work  in  which  he  classifies  the  two 
great  sedimentary  deposits  of  South  Norway,  the  one  exhibiting  a  vast  develop- 
ment  of  unfossiliferous  rocks,  to  which  he  applies  the  name  of  Cambrian, — ^the 
other  being  the  overiying  Silurian  rocks,  of  which  he  describes  each  stratum 
with  its  respective  fossils  from  the  alum  shales  upwards. 

In  referring  to  the  section,  ftg,  1,  we  see,  that  the  alum  schists  (2)  with 
bituminous  limestone  rest  upon  unfossiliferous  and  siliceous  grauwacke  (1),  the 
equivalent  of  the  upper  part  of  the  Longmynd  (Cambrian)  of  Britain.  In  No.  2, 
the  lowest  zone  in  which  intelligible  fossils  have  been  detected  in  Scandinavia, 
there  are  found  small  graptolites,  the  Graptoporaf  fiabelliformis  (Gorgonia,  Eich- 
wald),  several  species  of  Lingula,  including  one  like  L.  Davisii,  a  homy  shell 
nearly  allied  to  Obolus  Apollinis,  Agnoetua  pisiformis,  Olenus  scarabiBoides, 
Boeck,  Olenus  (Trilobites)  latus,  Boeck  (Eurycare  latum,  Angelin),  Olenus 
(Trilobites)  alatus,  Boeck  (Sphssrophthalmus  idatuB,  Angelin),  Olenus  (Dalm.) 
gibbosuB,  WahL,  Asaphus  grandis,  and  Trilobites  pusillus,  Sars. 

This  zone  (2),  being  unquestionably  the  same  as  the  Regiones  A,  B,  of 
Angelin  in  Sweden  {,  is  manifestly  the  northern  equivalent  of  the  '^  primordial 
zone ''  of  Barrande  in  the  Silurian  basin  of  Bohemia,  and  of  the  Stiper  Stones 
and  Lingula  schists  of  Britain ;  and,  though  only  150  feet  thick,  contains  Ghrap- 
topoia  fiabelliformis  mixed  with  Lingula  as  in  our  own  country,  and  with  them 
the  Agnostus  pisiformis  and  the  graptolite,  Didymograpsus  geminus,  as  well  as 
the  Silurian  brachiopod,  Orthis  calligramma.  The  last  three  species  occur  also 
in  the  Llandeilo  zone  of  the  Silurian  region  of  Britain.  In  other  words,  we  thus 
see  clearly  that,  in  extending  our  survey,  U  is  in^acticdble  in  general  doBgifi^ 
cation  to  separate  the  lAnguiaflagBf  or  <'  Zone  Primordialey^  from  the  other  Lower 
Silurian  rocks. 

The  next  mass  of  schists  (3,  4,  5),  with  an  intermediate  limestone,  bears  a 
dose  analogy  to  its  congener  in  Britain,  by  ushering  in  with  it  a  profusion  of 
species,  and  well  represents  the  Llandeilo  formation.  Amongst  its  fossils  are  the 
graptolites,  Diplograpsus  pristis,  D.  folium,  D.  teretiusculus,  Ghraptolithus  Sagit- 
tarius, and  the  shells,  Orthis  calligramma,  O.  elegantula  (O.  parva,  de  Vem.), 
O.  fiabellulum  (?),  Bellerophon  bilobatns,  B.  acutus,  Orthoceras  duplex,  O.  annu- 
latum,  Lituitee  comu-arietis,  with  Phacops  conophthalmus  (Asaphus  Powisii, 
Sil.  Syst),  and  many  other  trilobites  of  species  peculiar  to  Sweden,  but  all  be- 
longing to  the  Lower  Silurian  genera,  Asaphus,  Ogygia,  Trinudeus,  Olenus,  &c. 

The  group  (6,  7)  consisting  of  calcareous  and  arg^aceous  flags,  intermediate 

*  Das  Christiania  Silur-Becken,  1855.  Angelin,  MS.    Eep.  of  Amer.  Assoc,  for 

t  Proposed  by  Mr.  Salter  in  1857  (see  1857,  Montreal, 

p.  47)  for  this  curious  form,  which  seems  to  %  See    M.  Bammde's    lucid    memoir, 

oonneot  the  Feneetellid»  with  the  Grapto-  '  ParaU^Ie  entre  les  I>^p6ts  de  Boh^me  et 

lites.    It  is,  however,  the  Phyllograpsus,  de  Scandinavie,'  1866. 

2b 
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Orthoceiatite  limestone^  and  lower  Encrinal  schists,  tbougb  intixnately  connected 
by  many  forms  with  the  underlying  divisions,  is  yet  characterized  by  many  other 
fossils,  which  enable  us  to  refer  it  to  the  true  Garadoc  or  Bala  fonnationy  as 
defined  in  the  fourth  chapter  of  this  work. 

These  fossils  are :  Orthis  calligramma,  O.  testudinaria,  O.  Pecten,  Leptsena 
sericea,  Lingula  attenuata,  Bellerophon  bilobatus,  R  acutus,  Conularia  quadii- 
aulcata,  and  probably  G.  Sowerbyi,  with  other  species ;  Orthooeras  duplex,  O. 
gigas,  0.  dimidiatum,  O.  distans,  and  0.  annulatum ;  the  last  tiiree  being  Upper 
Silurian  forms  in  Britain.  The  other  fossils  of  Lower  Silurian  age  are :  lituites 
comu-arietis,  Trocholites  anguiformis,  Euomphalus  and  Turbo  several  species, 
including  Euomphalus  alatus,  HisingerP;  with  Echinosphssrites  Aurantium,  Ten- 
taculites  Anglicus  (annulatus,  SiL  Syst),  with  the  well-known  trilobites,  Asa- 
phus  expansus,  Trinudeus  conoentricus  (Garactaci,  SiL  Syst,  yar.),  T.  aeticomis, 
Ampyx  nasutus,  Ogygia,  Galymene  Blumenbachii  (var:  pulchella),  and  the  Pha- 
.  cops  macroura^  Sjogren,  which  closely  resembles  the  P.  truncato-caudatus  of  the 
British  Garadoc  formation.  The  corals  axe :  Stenopora  fibrosa  and  its  variety 
Lyooperdon,  with  species  of  Turbinolopsis  (Petraia),  &c 

The  calcareous  sandstone  (No.  8,  sections)  would  seem,  from  its  organic 
remains,  to  constitute  the  commencement  of  a  transition  from  the  Lower  to  Hie 
Upper  Silurian  rocks,  such  as  is  seen  in  the  Lower  Llandoveiy  rocks  of  South 
Wales.  Thus,  with  the  Orthis  testudinaria  and  O.  sonata,  Dalm.,  and  PateUa 
antiquissima.  His.,  occurs  a  characteristic  Lower  Llandovery  spedes,  Rhyncho- 
neUa  angustifrons,  M'Goy,  and  many  large  smooth  Pentameri  of  species  not  yet 
named.  Here  are  some  associated  fossils  which  are  also  commonly  found  in  the 
Upper  Silurian  rocks  of  Britain.  These  are:  Strophomena  depressa,  Euom- 
phalus Bculptus,  Fhragmoceras  ?  (Gyrtoceras)  ventricosum,  Encrinurus  punc- 
tatus,  Actinocrinus  moniliformis,  Favosites  alveolaris,  Heliolites  megastoma, 
Halysites  catenularius,  Gyathophyllum  turbinatum,  &c 

In  speaking  of  the  characters  of  the  fossils  of  this  zone,  it  is  to  be  observed, 
that  the  characteristic  Lower  Silurian  trilobites  have  already  disappearad  *, 

The  argillaceous  schists  with  calcareous  flags  (No.  9a)  obviously  represent 
also  a  part  of  that  intermediate  group  connecting  the  Lower  and  Upper  Silurian, 
to  which  I  have  now  assigned  the  name  of  **  Llandovery  rocks."  For,  in  these 
beds  certain  species  of  Pentameri  are  first  met  with,  whilst  the  overlying  lime- 
stone (0  6)  is,  as  in  Britain,  charged  with  the  Pentamerus  oblongus,  and  forms  in 
both  ooimtries  a  clear  horizon. 

The  fossils  are :  Fenestella  asimilis.  Alveolites  (Millepora)  repens,  Goenites 
intertextus,  Ptilodictya  (Eschara)  ScalpeUum^  Halysites  catenularius,  Orthis  cal- 
ligiamma,  O.  elegantula,  O.  testudinaria^  O.  Pecten,  O.  sonata,  Dahn.,  O.  lamel- 
loaa,  Strophomena  depressa,  Leptssna  transversalis,  Orthis  (Spirifer)  insnlaris, 
O.  biforata  (Spirifer  Lynx,  Sp.  dentatus,  Atiypa  crassicostis,  Sec),  O.  biloba 
(Sp.  sinuatus,  von  Buch),  Gyrtia  trapesoidalis,  Trigonotreta  compressa,  Pentar 
merus  (Atrypa)  galeatus,  P.  Lens,  P.  laevis,  Atrypa  reticularis,  Linn.,  A.  Prunum, 
A.  tumida,  and  A.  aspera,  Dalm.,  Euomphalus  funatus,  R  sculptus,  Acioculia 
Haliotis,  Galymene  Blumenbachii,  Encrinurus  punctatus,  Ampyx,  Acidaspisy 
and  the  Trilobites  (Proetus  P)  elliptifrons  of  Esmark,  T.  elegans,  Sara,  &c 

•  Borne  of  these  corals  and  sheUs  in  Britain  range  from  the  Gkradoc  formation  to 
the  base  of  the  Ludlow  rocks. 
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The  band  with  PentameruB  oblongus  is  at  once  followed  by  another  lime- 
stone (No.  10)  highly  charged  with  corals  and  crinoids^  and  which  evidently 
characterizes  the  mass  of  the  Wenlock  limestone.  It  is^  howeyer,  important  to 
remarky  that^  with  many  corals,  the  Euomphalus  sculptus,  E.  carinatus,  and  even 
the  Orthoceras  annulatum  and  O.  Ibex,  Sil.  Syst,  we  again  meet  with  the  Pen- 
tamerus  oblongus  and  P.  InviB  of  the  subjacent  band^  thus  linking  together^  still 
better  than  in  England^  these  beds  with  the  inferior  strata,  and  showing  a  higher 
vertical  range  of  the  above  species  of  Pentameros  than  is  known  in  England, 
where  they  never  rise  into  the  Wenlock  formation.  The  list  of  fossils  includes 
Ptilodictya  lanceolata,  P.  (Eschara)  Scalpellum,  and  the  corals,  Cyathophyllum 
turbinatum,  Goldf.,  Ptychophyllum  patellatum,  several  species  of  Heliolites,  and 
several  forms  noticed  in  the  underlying  strata,  with  Sarcinula  organum,  a  spe- 
cies of  Lower  Silurian  age  in  Britain.  The  prevailing  Encrinite  is  Actinocrinus 
moniliformis,  Goldf. ;  whilst  the  Comulites  serpularius,  SiL  Syst.,  is  accompanied 
by  the  following  shells,  Rhynchonella  borealis  (Tef.  plicatdla,  Dalm.),  Euom- 
phalus carinatus,  E.  sculptus,  and  other  spiral  forms,  Orthoceras  Ibex,  O.  annu- 
latum, with  the  Pentamerus  conchidium  and  the  other  species  above  noted. 
The  Encrinal  schists  (11)  and  Upper  Orthoceratite  limestone  (12),  the  Upper 
Graptolite  marls  (13)  and  the  Upper  Malmo  limestone  (14),  with  the  schists 
and  marls  of  Overland,  Opsahl,  Noes,  Erogsand,  &c,  represent  other  members 
of  the  Upper  Silurian,  as  for  as  the  lower  and  middle  members  of  the  Ludlow 
rocks  inclusive — ^the  Upper  Ludlow  rock  not  being  well  represented  by  fossils. 

Whilst  the  ordinary  Wenlock  corals  seem  to  pervade  all  the  last-named  rocks, 
their  lower  members,  or  the  Encrinal  schists  and  Orthoceras  limestone,  charac- 
terized by  large  Orthoceratites  with  central  siphuncles,  may,  however,  be  sup- 
posed to  represent  the  Lower  Ludlow,  the  more  so,  as  they  contain  Gomphoceras 
pyriforme,  SiL  Syst.  In  the  overlying  shales,  Graptolites  priodon  (Ludensis) 
abounds ;  but  it  is  to  be  noted  that  this  zoophyte  is  associated  with  the  Retio- 
lites  Geinitzianus,  Bazr.,  and  Cyathocrinus  mgosus,  both  of  Wenlock  age,  in 
Britain,  the  former  even  pointing  to  the  very  base  of  the  formation. 

Even  the  upper  limestones,  schists,  and  shales,  as  seen  at  Malmo  and  the 
places  above  cited,  are  still  charged  with  some  corals  and  crinoids,  known  in 
England  in  the  Wenlock  formation  only,  including  among  the  latter,  Eucalypto- 
crinus  decorus  and  Crotalocrinus  (Cyathocrinus)  rugosus.  On  the  other  hand, 
here  are  also  found  some  of  the  typical  species  of  the  Ludlow  rocks,  viz.  Chonetes 
(Leptcena)  lata,  Rhynchonella  WOsoni,  R.  navicula,  Turbo  corallii,  Pterinea 
retroflexa,  Orthoceras  Ibex,  &c. 

In  my  own  rapid  suryey  of  the  environs  of  Christiania,  as  formierly  explained 
to  the  Geological  Society,  I  could  not,  any  more  than  M.  Ejerulf,  detect  fossils 
indicative  of  the  uppermost  Ludlow  rock,  though  I  then  pointed  out  a  con- 
formable passage  upwards  from  the  grey  Silurian  rocks  into  an  overlying  red 
sandstone.  In  some  parts  of  Sweden,  however,  and  on  another  occasion,  my 
coadjutor  M.  de  Vemeuil  and  myself  detected  organic  remains  in  strata  which 
must,  we  thought,  represent  the  Upper  Ludlow,  and  even  a  transition  into  the 
Devonian.  Thus,  in  Scania  we  found  true  Upper  Ludlow  fossils  in  red  flaggy 
sandstones  which  Forchhammer  had  classed  as  Old  Red  Sandstone*. 

Again,  in  proceeding  from  the  northern  and  central  parts  of  Gothland,  which 

•  Quart  Joum.  GeoL  Soc  voL  iii  p.  84. 
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are  occupied  by  the  Wenlock  limestone,  we  at  length  reached  beds  of  a  sandy 
and  mady  character,  in  which  some  of  the  species  above  mentioned,  including 
the  Pterinea  retroflexa,  Chonetes  lata,  and  Turbo  corallii,  were  collocated  witib 
the  Rhynchonella  (Terebratula)  nucula,  Orthonota  retusa,  Murchisonia  afticulata, 
and  Beyrichia  tuberculata,  all  fossils  of  the  Upper  Ludlow  rock. 
.  The  detailed  sections  of  the  strata  in  the  environs  of  Christiania  are  most 
valuable  in  demonstrating,  by  comparison,  that  the  Silurian  rocks  of  Norway  are, 
from  their  base  upwards,  the  true  equivalents  of  those  of  Britain ;  and  also  in 
showing  that  the  alum  schists,  like  the  Lingula  flags  and  Stiper  Stones,  form 
the  natural-history  base  of  the  Silurian  system.  The  sections  also  demonstrate 
that  from  this  base  to  the  uppermost  beds,  these  zones  (in  all  occupying  less 
than  2000  feet  in  vertical  dimensions)  represent  the  whole  of  the  vastly  expanded 
British  series,  and  constitute  one  conformable  and  natural  system,  whether 
viewed  physically  or  zoologically*. 

.  In  addition  to  the  clear  order  of  superposition  of  the  various  Silurian  rocks 
and  their  identification  by  fossils,  M.  Kjerulf  has  further  shown,  how  different 
members  of  the  series  have  been  here  and  there  metamorphosed  into  crystalline 
gneiss.  The  numerous  points  at  which  the  sedimentary  formations  have  been 
pierced  by  eruptive  rocks,  long  ago  offered  to  Professor  Forchhammer  and 
myself  sufficient  explanation  of  such  conversionsf. 

This  subject  has,  indeed,  been  since  worked  out  in  some  detail  by  Mr.  David 
Forbes,  whose  residence  at  Christiania  has  enabled  him  to  contribute  satisfiictory 
information,  which  clearly  demonstrates  the  conversion  of  sedimentary  Silurian 
strata  into  ciystalline  rocks  replete  with  simple  minerals]:. 

To  resume  the  history  of  succession.  The  primordial  fetuna  of  Scandi- 
navia, which  I  long  ago  characterized  as  "  the  earliest  zone  of  recogni- 
zable life,"  consists,  in  its  lowest  stage,  of  fiicoids  only.  The  next  zone 
contains  the  graptolites,  shells,  and  Irilobites  before  dluded  to,  some  of 
which  are  identical  with  fossils  of  our  Lingula  flags  of  Britain.  Its  tri- 
lobites  have  been  elaborately  described  by  M.  Angelin§,  who  has  added 
much  to  our  acquaintance  with  these  fossils.  Among  the  Crustacea  of 
these  beds  (Begiones  A,  B,  of  Angelin),  we  recognize  in  Sweden  several 
of  the  genera  which  characterize  some  of  the  lowest  of  the  fossiliferous 
beds  of  Britain.  The  most  plentiful  of  these  crustaceans  are  Agnostua 
pisiformis  and  many  species  of  Olenus,  of  which  last-named  genus  some 
species  also  occur  in  the  lowest  schists  of  our  Malvern  HjUs. 

Then,  the  Swedish  Segiones  0  and  D  of  Angelin  are,  as  in  Norway, 
nothing  more,  as  respects  their  fossils,  than  masses  of  Lower  Silurian 
rocks  (Llandeilo  and  Caradoc),  as  described  in  England  and  Wales,  and 
which  reappear  in  great  force  in  the  Bay  of  Christiania,  Norway.  They 
are  specially  identified  by  the  abundance  of  trilobites,  of  the  same  genera 

•  Judging  from  a  oolleotion  recently        f  Quart  Joum.  QeoL  Soc  voL  L  p.  470, 

tranBmitted'  by  M.  Kjerulf  and  which  has  &c.,  and  Russia  in  Europe,  vol.  i.  p.  14,  note, 
been  examined  bv  Mr.  Salter,  the  speotfie        t  Qoart.  Joum.  Oeol.  49oc  voL   zii 

identification  with  the  British  forms  may  p.  166,  &o, 
be  for  the  most  part  dq[>ended  upon.  §  Palsontologia  Sueoioa,  pt.  1, 1852. 
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as  our  British  strata  of  this  age,  viz.  Asaphus,  Ogygia,  Bemopleurides, 
Trinxicleus,  Hkenus,  Ampyx,  &o.  Many  species  of  trilobites  and  moUusks 
of  the  two  countries  are  identical,  as  shown  by  the  preceding  details. 

Haying  examined  these  Lower  Silurian  rocks  over  various  tracts  of 
Sweden  and  Norway,  I  can  assure  geologists  that,  rich  as  they  are  in 
fossils — so  rich  that  they  have  enabled  M.  Barrande,  as  will  soon  be  seen, 
to  parallel  every  one  of  their  stages,  from  the  lowest  upwards,  with  the 
primordial  and  succeeding  zones  of  Bohemia — ^the  whole  of  the  Lower 
Silurian  of  Scandinavia  never  much  exceeds  in  vertical  thickness  about 
1200  feet !  And  yet  this  mass  is  as  complete  in  the  development  of  life, 
as  the  30,000  feet  of  strata  of  the  same  age  in  Britain,  which  have  been 
80  much  expanded  by  intercalations  of  igneous  matter !  Nay,  the  general 
succession  is  essentially  the  same  as  in  our  islands.  Por,  the  Lower 
Silurian  of  Sweden  and  Norway  is  conformably  overlaid  by  a  zone  charged 
with  Pentamerus  oblongus,  and  passes  up  into  shales  and  limestones, 
which  completely  represent  the  Upper  Silurian,  particularly  the  Wenlock 
formation. 

And  here,  in  respect  to  nomenclature,  I  may  observe,  that  the  geologist 
who  should  seek  to  separate  the  Lower  Silurian  of  Sweden  and  Norway 
from  the  Upper,  and  call  the  higher  part  only  Silurian,  would  make  a 
distinction  which  could  not  be  followed  out  upon  any  map.  For,  these 
two  groups  are  there  often  exhibited,  as  in  the  preceding  sections,  in 
such  frequent  undulations,  as  to  constitute  one  united  mass  of  very 
small  dimensions,  all  the  strata  of  which  have  a  eommwnity  of  aspect^  and 
maintain  a  petfect  parallelism  to  each  other. 

The  remarkable  resemblance  of  the  chief  limestones  of  Gothland,  and 
certain  isles  in  the  Bay  of  Christiania,  to  those  of  Wenlock  and  Dudley, 
a  very  great  number  of  the  fossils  being  common  to  Scandinavia  and 
Britain,  is  well  known  to  all  geologists  and  collectors. 

Silurian  Bocks  of  Russia, — PoUowing  these  ancient  deposits  into  the 
Baltic  provinces  of  Bussia,  and  beginning  our  examination  of  them  in  the 
environs  of  St.  Petersburg,  where  their  lowest  beds  are  exposed,  we  find 
that  the  hard  crystalline  rocks  of  Scandinavia,  and  thence  extending  into 
Finland,  have  subsided  beneath  the  sea-level,  and  that  we  can  nowhere 
observe  that  junction  which  is  so  clearly  observed  in  Norway  and  Sweden 
between  the  lowest  Silurian  rock,  and  the  masses  which  were  formed 
before  it. 

Banging  from  the  banks  of  the  river  Neva  at  the  Imperial  metropolis, 
to  the  cliffs  west  of  Narva,  the  lowest  visible  strata  are  composed  of 
bluish  or  greenish  shale  (the  blue  clay  of  Eussian  geologists),  though,  in 
sinking  the  piles  for  the  support  of  the  new  granite  bridge  at  St.  Peters- 
burg, and  in  other  subterranean  works,  courses  of  incoherent  sand  have 
also  been  met  with  in  it.  This  clay,  although  as  soft  as  that  of  tertiary 
age  in  and  aroutid  London,  and  so  plastic  as  to  be  used  even  by  sculptors 
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for  modelling,  is  clearly  of  the  same  age  as  some  of  the  oldest  strata 
described  in  Sweden  and  Norway,  or  as  the  much  harder  and  more 
crystalline  lowest  Silurian  slates  of  Wales — so  entirely  have  these  vene- 
rable Bussian  strata  been  exempted  from  the  influence  of  chalhgp. 

For  a  long  time  no  other  organic  remains  were  detected  in  this  lower 
blue  clay  or  shale,  save  the  supposed  fucoidal  remains  which  Pander  had 
termed  Platydolenites ;  but  recently  that  author  has  detected  in  this 
matrix,  traces  of  fossil  remains  which  he  has  not  yet  described,  as  well 
as  rare  examples  of  those  extremely  minute  microscopic  bodies  which  he 
considers  to  be  fishes'  teeth,  and  terms  Conodonts. 

The  lower  clay  or  shale  is  followed  upwards  by  sandy  beds  in  parts 
so  coherent,  particularly  when  cemented  by  oxide  of  iron  or  a  little 
calcareous  matter,  as  to  form  a  sandstone,  occasionally  a  calcareous  grit, 
on  which  the  castle  of  Narva  stands.  On  the  banks  of  the  rivers 
Ishora,  Tosna,  and  Siass,  tributaries  of  the  Neva,  these  sandy  strata  are 
interlaminated  by  thin  courses  of  shale  approaching  to  impure  fuller's 
earth,  the  sandier  parts  of  which  are  iutermixed  with  green  grains,  occa- 
sionally containing  small  concretions.  In  these  layers  Pander  has 
found  several  of  his  microscopic  Conodonts.  But  the  organic  bodies 
which  specially  characterize  this  band  are  the  Obolus  ApoUinis,  Eichw. 
(the  Ungulite  of  Pander),  Orbicula  Buchii,  and  O.  reversa,  de  Vem., 
and  some  rarer  sheUs  termed  Siphonotreta  and  Acrotreta.  Of  these, 
however,  the  little  homy  brachiopod,  the  Obolus  or  Ungulite,  is  so  much 
more  abundant  than  any  other  fossil,  as  to  have  induced  Pander  to  give 
to  the  rock  the  name  of  Ungulite  grit. 

This  Ungulite  grit  is  overlaid  by  a  course  of  dark-coloured  schist, 
which  contains  graptolites,  and  is  often  bituminous,  particularly  in 
Esthonia,  where  it  has  even  been  extracted  for  fuel. 

The  chief  or  Orthoceratite  limestone — ^the  Pleta,  which  follows,  is 
characterized  at  its  base  by  sandy  calcareous  beds  containing  a  profusion 
of  those  dark  green  grains  which  are  here  and  there  apparent  in  the  sub- 
jacent strata,  and  which  are  supposed  to  be  the  debris  of  ancient  augitic 
rocks  of  Finland  (see  '  Bussia  in  Europe,'  p.  28*).  In  lithological  aspect, 
however,  these  lower  calcareous  beds  usually  so  resemble  the  Craie  chlo- 
rite of  the  French,  or  the  green  varieties  of  the  Upper  Greensand  of 
England,  that,  when  mineral  characters  alone  guided  geological  classifi- 
cation, they  were  even  supposed  to  belong  to  the  cretaceous  system. 
That  misapprehension  was,  however,  long  ago  removed  by  the  works  of 
Pander  and  Strangways.  Separated  by  way-boards  of  greenish-grey  or 
reddish  shale,  these  green  calcareous  beds  are  surmounted  by  the  earthy, 
grey,  flat-bedded  limestone,  which,  occupying  the  hills  of  Czarskoe  Celo 
and  Duderhof  south  of  St.  Petersburg,  ranges  westward  into  Esthonia, 
and  is  the  chief  fossiliferous  band  of  the  Lower  Silurian  rocks.  It  is 
in  the  green  sandy  beds  which  underlie  this  rock  that  the  greater  number 
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of  the  bodies  called  Conodonte  by  Pander  have  been  found,  though 
these  ambiguous  little  things  have  also  been  detected  by  that  author  in 
the  overlying  mass  of  the  great  Lower  Silurian  limestone,  in  parts  of  the 
Upper  Silurian  and  Devonian  rocks,  and  even  in  the  Carboniferous  lime- 
stone !*  In  the  cliffs  of  the  Gulf  of  Bothnia,  it  appears  in  relation  to 
the  inferior  strata  as  in  the  annexed  woodcut : — 


Lower  Silubian  Bockb. — Cum  kxab  Waiwaba. 


a.  Lower  shale,  obscured  by  fallen  firagments  of  rock  and  ice-borne  Scandinavian  blocks. 
b,  Ungulite  grit.  c.  Argillaceous  schist,  with  graptolites  (Phyllograpsus).  d,  Or- 
thooeratite  limestone  (ooyered  by  granite  blocks  which  were  transportea  from  Sweden 
during  the  glacial  period :  '  Bussia  in  Europe,'  voL  L  pp.  84,  611,  et  »eq.). 


*  In  his  work  on  the  Silurian  fishes  of 
the  Baltic  provinces  of  Bussia  (Monom- 
phie  der  iossilen  Fische  der  Siluriscnen 
Systems  der  Bussisch-Baltischen  Gou- 
▼emements,  St.  Petersburg,  1856),  my  emi- 
nent colleague  of  the  Imperial  Academy  of 
St.  Petersburg  has  endc»T0ured  to  prove 
that  these  microscopic  bodies  (smaller 
in  fact  than  the  minutest  pin's  head)  are 
the  teeth  of  fishes,  and  terms  them  Cono- 
donts. 

In  perusing  M.  Pander^s  work,  the 
reader  will  peroeiye  how  £Eurly  and  ingenu- 
ously the  author  treats  every  branch  of 
this  curious  and  recondite  inquiry,  when 
he  savs,  that,  as  the  Conodonts  are  never 
Hound  in  connexion  with  the  hinder  part 
of  the  animal,  nothing  can  be  known  of 
their  position  or  attachment,  and  we  can 
only  assume  "  that,  like  the  teeth  of  Cyclo- 
stoma  and  the  SqualidtB,  they  were  fixed 
to  the  mucous  membrane  of  the  throat  or 
mouth,  but  whether  to  the  jaw,  the  lip,  or 
the  tongue  is  uncertain." 

Admitting  the  ^-priori  improbability 
of  fishes'  teeth  being  found  in  the  Lower 
Silurian  rocks,  and  that  there  is  Httle  or 
no  analogy  between  the  structure  of  these 
Conodonts  and  that  of  ordinary  fishes' 
teeth  (pp.  8  and  9),  he  looks  for  a  similar 
lamellar  structure  in  other  hard  parts  of 
fish,  and  finds  it  in  the  scales  of  Ghmoid 
fishes,  and  so  proceeds  to  sustain  his  views 
as  to  the  pisdne  nature  of  these  bodies. 
He  also  pomts  out,  that  the  teeth  of  Clu- 


pea,  Perca,  Salmo,  and  other  Tdeostian 
fishes,  though  lamdlar,  like  the  Conodonts, 
are,  like  them,  equally  devoid  of  dentinal 
tubuli. 

The  naturalists,  including  M.  Barrande, 
Dr.  Carpenter,  and  Mr.  Quekett,  who  had 
examined  these  little  specks  when  my 
first  edition  was  issued,  could  not  detect, 
even  when  placed  under  the  microscope, 
any  bony  structure  ;  and  it  was  then 
suggested  that  they  might  prove  to  be  the 
hard  ends  of  the  lateral  appendages  of  a 
crustacean  (trilolHte). 

Admitting  the  ability  with  which  M. 
Pander  has  met  the  objections  to  his  yiew 
which  I  formerly  urged,  I  still  remain  of 
opinion  that  it  is  not  yet  proved  that  the 
Conodonts  belong  to  fishes.  Anxious, 
however,  to  ascertain  the  whole  truth,  I 
have  submitted  some  specimens  recently 
sent  to  me  at  my  request  by  M.  Pander, 
to  the  scrutiny  of  my  colleague  Professor 
Huxley,  who  says,  that,  although  they  ex- 
hibit neither  bony  nor  dentinal  structure, 
they  might  belong  either  to  Myxinoid  fishes 
or  Mollusca ;  and  as  he  is  now  sifting  the 
evidence  in  favour  o^  and  aeain8t/*t>oth 
these  alternatives,  the  conclusions,  if  any, 
at  which  he  may  arrive  will  be  given  in  the 
Appendix. 

Li  the  meantime  let  me  say,  that  whilst 
in  his  work  M.  Pander  states  that  these 
bodies  are  chiefiy  composed  of  almost  pure 
carbonate  of  lime,  he  now  informs  me  by 
letter,  that  his  view  of  the  dental  nature  of 
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These  lower  limeatones,  which  constitute  the  chief  members  of  the 
Lower  Silurian  of  Eussia,  are  filled,  as  in  Scandinavia,  with  a  profusion 
of  Trilobites,Orthid8B,  large  Orthoceratites,  univalve  shells,  and  Cystideie, 
characteristic  of  this  age.    One  only — and  the  most  remarkable  of  the 

POBBILB  (89).      ASAPHUB  BXPAKBUS,  Tar.  COWOITUS,  PEOM  THE  PlETA  LDCBSTOHB. 

(Prom  « BuBsia  and  the  Ural  Mountains,'  voL  i.  p.  37.) 


these  Conodonts  has  been  further  con- 
firmed by  chemical  analysis,  which  shows 
that  their  chief  component  is  phoaphaie  of 
lime ;  and  Dr.  Peror  has  confirmed  ihit 
result  by  a  second  analysis.  But  the 
Obolus  or  Ungulite  of  these  Russian  beds 
may  contain  phosphate  of  lime,  as  that 
*  mineral  is  known  to  exist  in  the  Lingula. 
Again,  Troschel  informs  us  that  phos- 
phate of  lime  is  a  constituent  of  the  lingual 
teeth  of  Bolium,  Helix,  and  Patella.  (Das 
Gbbiss  der  Schnecken,  p.  29.)  Having 
further  ascertained  that  the  long  and 
rounded  large  bodies  in  the  same  beds,  with 
an  internal  cavity,  which  not  unfrequently 
occuf  in  the  lowest  Russian  strata,  and  are 
charged  with  ^preen  mins,  also  contain 
phosphate  of  hme,  M.  Pander  is  led  to 
belieTe  that  these  bodies  must  be  the 
coproUtes  of  the  fishes  whose  teeth  he  has 
described  as  Conodonts.  Now,  eren  if 
my  belief  that  the  phosphatic  nodules  were 
deriyed  from  some  of  tne  moUusca  which 
are  known  to  prevail  in  these  Russian 


strata,  be  not  admitted,  we  hare  no  occa- 
sion to  refer  these  round  bodies  to  oopro- 
lites  simply  because  they  contain  phosphate 
of  lime ;  since  there  are  examples  of  that 
substance  occurring  in  large  rock-massee 
and  veinstones  in  Spain  and  elsewhere,  in 
which  the  mineral  could  not  possibly  have 
been  derived  from  bony  animals,  and  must 
have  proceeded  from  deep-seated  sources. 
Reserving  any  further  details  respecting 
these  microscopic  Conodonts,  I  may  now 
state,  that  I  have  been  strongly  confirmed 
in  my  bias  against  their  pertaining  to  Yer- 
tebrata,  by  looking  at  the  figure  oi  the  lin- 
gual dentition  of  the  Cuttle-fish  as  depicted 
by  Woodward  in  his  excellent  *  Manual 
of  the  MoUusca'  (p.  448),  in  which  he 
extends  the  line  of  mquiiy  opened  out  by 
Lov^n;  for  in  that  figure  we  see,  in  the 
prismatic  form  of  the  base,  and  the  daw- 
shape  of  the  lateral  uncinif  a  remarkable 
resemblance  to  the  Conodonts  of  Pander ; 
and  we  know  that  Cephalopoda  abounded 
in  Lower  Silurian  times. 
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trilobitea — ^is  here  represented  (Pobb.  89),  viz.  the  singular  variety  cor- 
nwtus  of  the  common  Asaphns  expansns  of  Wahlenberg. 

Among  the  other  characteristic  fossils  may  be  cited,  Amphion  Eis- 
cheri,  Eichw.,  Blffinus  crassicauda,  Dalm.,  Ampyx  nasutus,  Dahn.,  Cybele 
yerrucosa^  Dalm.,  Orthis  calligramma  (P1.5.  f. 7,8,9),  O.  biforata,Schloth., 
Orthoceras  duplex,  Wahl.,  and  many  Cystideans,  of  which  Echinosphae- 
rites  Aurantium  is  the  type. 

Here,  laying  before  the  reader  a  reduced  sketch  of  the  very  character- 

FOBSILS  (90).      OSTHOOBfiAB  DUPLEX,  WaHLBNBEBO. 


A  characteristic  EuMian  and  ScandmaTian  fosBil. 

istic  and  large  Orthoceratite  of  the  Lower  Silurian  rocks  of  Scandinavia 
and  Eussia  (Poss.  90),  we  must  refer  to  the  works  of  Pander,  of  Eich- 
wald*,  and  of  myself  and  colleagues,  for  a  fiill  description  of  the  fossils. 

In  proceeding  westwards  from  the  Grovemment  of  St.  Petersburg  into 
Esthonia,  the  calcareous  flagstones  (Pleta)  are  underlaid  by  a  bitumi- 
nous and  inflammable  shale,  formerly  described  by  Colonel  Helmersenf 
(see  p.  374).  Occurring  at  Tolks  and  Pungem,  this  shale  is  very  rich 
in  well-preserved  fossils,  including  many  trilobites  of  the  genera  Ampyx 
and  Trinucleus,  as  well  as  the  long-known  typical  British  shell,  Leptsena 
sericea  of  Sowerby. 

Then  follows  a  fine-grained  limestone,  which,  forming  the  northern 
half  of  the  Isle  of  Dagden,  is,  according  to  Professor  Schmidt,  who  has 
worked  out  the  details  of  this  region,  the  upper  limit  of  the  Lower 
Silurian  rocks  of  Bussia.    The  fossils  contained  in  this  band  are  indeed 


*  In  citing  the  name  of  Eichwald,  I 
mnst  express  my  regret,  that,  after  demon- 
strating the  identity  of  the  strata  forming 
the  sea-board  of  the  Baltic  proTinces  of 
Bussia  -with  the  rooks  of  Britain  under 
the  term  Silurian  (Silurische  System  in 
Esthland,  1840),  he  should,  in  a  recent 
memoir,  have  gone  back  to  the  obsolete 
term  "  Ortnivxseke.**  The  use  of  this  word, 
as  respects  the  Russian  Baltic  rocks  of  this 
date,  is  wholly  inappHcable ;  since  no  one 
band  of  these  presents  theUthological  cha- 
racter of  "  Ghrauwacke."  (See  *  Der  Grau- 
wackenschichten  Ton  liey-  imd  Esthland,' 
Bull,  de  la  Soc.  Imp.  de  Moscou,  1864, 
p.  8.)  See  also  his  latest  memoir  (Bull,  de 
Moscou,  1856-57)  for  copious  lists  of  all 
the  known  paleozoic  fossilB  of  Bussia ;  the 
distinctions  of  Lower  and  Upper  Silurian, 
Devonian,  &c.,  being  omitted,  and  **ffrau' 
wacke  "  again  brought  into  fashion. 


t  In  addition  to  yarious  able  memoirs 
which  he  has  written  on  the  crystalline 
and  paleozoic  rocks  of  Bussia,  to  the  geo- 
logical maps  which  he  has  prepared,  and 
to  his  late  works  on  the  Beyonian  rocks, 
my  associate  in  the  Imperial  Academy  of 
St.  Petersburg,  Colonel  Helmersen,  has 
published  an  account  of  the  nature  and 
position  of  this  schist.  It  is  certainly  one 
of  the  oldest  deposits  which  have  combus- 
tible properties,  though  the  anthracitic 
layers  of  tiie  South  of  Scotland  seem  to  lie 
quite  as  low  in  the  series.  It  is  probable 
that  most  of  the  bituminous  and  anthra- 
citic beds  of  these  early  periods  owe  their 
carbon  and  hydrogen  to  decomposed 
marine  yegetables  and  the  soft  bocues  of 
graptolites.  (See  Helmersen,  *  Sur  le  Schiste 
argileux-bitumineux  d'Esthonie,'  Journal 
des  Mines  de  Bussie,  1838,  p.  97.) 
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all  truly  of  the  age  of  the  Caradoc  beds  of  Britam,  induding  the  Caly- 
mene  brevicapitata,Fortl.,  Encrinurus  multisegmentatus,  Forth,  Leptena 
Bericea,  Sil.  Syst.,  Orthis  ActonisB,  O.  testudinaria,  with  Murehisoma  bi- 
cmeta,  Hall,  and  various  types  known  in  rocks  of  this  age  in  America. 
This  limestone,  which  contains  also  several  characteristic  shells  of  the 
inferior  *'  Fleta,"  including  the  Orthis  Lynx  and  Chsatetes  Fetropolitana, 
terminates  upwards  in  beds  laden  with  corals  of  the  genera  Halysites, 
Heliolites,  Caninia,  Sarcinula^  &e. 

Upper  Silurian. — In  our  large  work  on  [Russia,  Upper  Silurian  depo- 
sits, like  those  of  Gothland,  were  only  spoken  of  by  myself  and  com- 
panions as  existing  in  the  Isles  of  Oesel  and  Bago,  which  we  did  not 
visit.  With  the  little  time  at  our  command,  and  in  a  flat  country  much 
obscured  by  drift,  we  did  not  pretend  to  draw  any  defined  line  between 
the  Lower  and  Upper  Silurian.  Seeing,  indeed,  that  the  Fentamerus 
oblongus  occurred  in  a  calcareous  band  ranging  above  the  Lower  Silurian 
cliffs  of  Esthonia,  it  was  natural  on  my  part  to  refer  that  stratum,  as  I 
had  done  in  England,  rather  to  the  top  of  the  lower  than  to  the  base  of 
the  upper  group. 

Subsequent  researches,  however,  and  the  preponderance  of  certain 
Wenlock  fossils,  have  rightly  led  the  Eussian  geologists  to  class  this 
Fentamerus  band  with  the  Upper  Silurian*.  In  truth,  the  whole  series 
in  Eussia,  as  in  Scandinavia,  is  of  such  very  small  vertical  dimensions — 
not,  perhaps,  a  fortieth  part  of  the  magnitude  of  the  grand  British 


*  M.  Ozersky,  who  translated  the  work 
by  myself  and  associates — *  Russia  in  Eu- 
rope —into  the  national  language,  was  the 
first  person  to  call  attention  to  the  suc- 
cession of  those  upper  calcareous  Silurian 
strata ;  though,  when  he  wrote,  the  fossil 
distinctions  now  worked  out  were  un- 
known. Afterwards,  in  a  short  article 
(Ermann*8  Arohiv  fujr  Bussland,  1848,  p. 
236),  M.  Pander  noticed  the  superposition 
of  a  rock  charged  with  Fentamerus  ob- 
longus and  many  corals,  to  the  well-known 
lower  limestone  of  St.  Petersburg.  An- 
other important  contribution  to  clear  up 
the  subdivisions  of  the  Busso-Baltic  Silu- 
rians was  giyen  by  Professor  Kutorga, 
in  a  map  of  the  Gbvemment  of  St.  Peters- 
burg, the  result  of  ten  years  of  labour 
(Compte  rendu  de  la  Soci^t^  Min^ralo- 
gique  de  St.  P^tersbourg,  27  Janrier, 
1852).  Bepresenting  a  continuous  band 
of  Upper  Sdurian  between  the  Devonian 
and  the  Lower  Silurian  to  the  toest  of  St. 
Petersburg  (a  tract  which  1  never  exa- 
mined), he  admits  that,  to  the  south  and 
east  of  the  metropolis,  the  succession  is 
what  my  Mends  and  myself  represented  it 
to  be ;  viz.  Devonian  rocks  at  once  resting 
on  Lower  Silurian,  with  one  or  two  minute 


traces  only  of  the  lower  band  of  the  Upper 
Silurian,  or  the  limestone  with  Pentame- 
ms  oblongus.  Wherever,  as  in  Bussia  and 
America,  that  fossil,  or  its  representative 
form,  appears  for  ihejtrtt  twte^  in  ascend- 
ing  order ^  in  strata  otherwise  charged  with 
Wenlock  fossils,  the  seologist  has  a  perfect 
right  to  dass  the  rock  as  Upper  Suurian. 
Kutorga  had  previously  shown  that  the 
Pentamerus  sone  of  Esthonia  is  sur- 
mounted,  in  the  islands  of  Oesel,  Dago, 
and  Mden,  by  still  higher  Silurian  strata. 
These  Bussian  isles  seem,  in  fiMt,  to  be 
equivalents  of  the  southern  end  of  GK>th- 
Umd  (Hoburg),  where  I  have  described 
certain  strata  which  represent  the  Lud- 
low rocks  (Quart.  Joum.  GteoL  Soc  Lond. 
vol.  iii.  p.  1).  In  another  work,  •  Ueber- 
sicfat  des  Silur-Bchichten  Systems  liev- 
lands  und  Esthlands,'  1852,  M.  Schrenk, 
the  well-known  explorer  of  the  botanical 
and  mineral  condition  of  the  North  Ural 
Mountains,  has,  in  conjimotion  with  Pro- 
fessor Schmidt,  extendeid  considerably  the 
ranee  of  the  Upper  Silurian ;  but  the  work 
of  the  last-mentioned  author  is  that  which, 
in  conjimction  with  the  great  paleontolo- 
gical  labours  of  Pander,  has  recently  thrown 
the  clearest  light  on  the  subject. 
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deposits — ^that  in  a  region  where  all  these  strata  are  conformable,  and 
where,  to  use  the  expression  of  my  associate  Keyserling,  all  the  strata 
(about  1500  feet  thick)  are  but  leaves  in  one  united  calcareous  volume^ 
no.  distinctions  can  be  drawn  except  by  dose  examination  of  the  organic 
remains. 

The  chief  mineral  masses  of  these  overlying  rocks  are  fine-grained 
limestones,  passing  in  some  beds  almost  into  marble,  and  thus  present- 
ing a  contrast  to  the  incoherent  and  earthy  Lower  Silurian  Umestones 
of  St.  Petersburg ;  and  magnesian  beds  (dolomite)  occasionally  somewhat 
crystalline  and  cavernous,  here  and  there  charged  with  white  siliceous 
concretions.  In  other  parts  the  strata  are  friable,  marly,  and  of  grey 
and  yellow  colours. 

Bocks  having  the  same  mineral  aspect,  and  containing  the  same 
fossils,  appear,  as  I  am  informed  by  Keyserling,  along  the  edge  of  the 
Timan  Hills,  in  the  distant  region  of  the  Petschora,  at  the  mouth  of  the 
river  Gatchina,  and  near  the  shore  of  the  Icy  Sea.  It  is  further  to  be 
remarked,  that  neither  there  nor  in  Esthonia  (t.  e,  in  tracts  1000  miles 
distant  from  each  other)  has  there  been  detected  the  slightest  uncon- 
formity between  the  Lower  and  Upper  Silurian  rocks. 

The  task  of  working  out  the  organic  remains  as  respects  Esthonia,  and 
the  adjacent  Bussian  isles  of  Wormes,  Dago,  Oesel,  <Stc.,  has  fortunately 
been  accomplished  since  the  first  edition  of  this  work  was  published,  by 
Professor  Schmidt  of  Dorpat,  whose  views,  as  communicated  to  me  by 
my  associate  £eyserling,  have  been  recently  published*.  The  coralline 
limestone  forming  the  summit  of  the  Lower  Silurian  graduates  in  the 
same  cliffs  into  a  more  marly  limestone  with  Pentamerus  linguiferus, 
Strophomena  Pecten,  and  other  fossils.  The  upper  portion  of  the  band 
is  everywhere  characterized  by  a  profusion  of  the  Pentamerus  borealis, 
another  species  (probably  the  Pentamerus  oblongus,  Sil.  Syst.)  being 
partially  distributed  ;  whilst  the  associated  fossils  are  Calymene  Blumen- 
bachii,  Encrinurus  punctatus,  Leptana  depressa^  Atrypa  reticularis, 
Leperditia  Baltica  and  L.  marginata,  with  many  corals.  Next  follows  a 
bluish-grey  marlstone,  in  part  a  hard  subcrystalline  dolomite,  whose 
chief  fossils  would  seem  to  refer  the  rock  to  the  Wenlock  age,  such  as 
Lichas  G-othlandicus,  Orthoceras  annulatum,  Sil.  Syst.,  Orthis  elegan- 
tula,  Dalm.,  Leptsna  transversalis,  <&c.  This  zone  also  contains  many 
other  Upper  Silurian  species. 

The  uppermost  Silurian  rock  (as  developed  in  the  isles  of  Oesel,  Dago, 
and  Mden)  is  a  crystalline  limestone,*  rarely  dolomitic,  the  beds  of  which 
alternate  with  marly  shale.  This  deposit  contains  Ludlow  rock  mol- 
lusca,  such  as  Pterinea  reticulata,  Grammysia  cingulata,  Orthoceras 
bullatum,  Sow.,  Murchisonia  cingulata,  Trochus  helicites,  Bhynchonella 
Wilsoni,  Orthis  orbicularis,  and  the  Euryptenis  remipes ;  the  last-men- 

•  Quart.  Joum.  Geol.  Soc.  vol.  xiv.  p.  43. 
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tioned  being  a  representative  of  the  group  of  crostaoeana  which  so 
abound  in  the  Ludlow  rocks.  Again,  the  resemblance  of  the  Eussian  to 
the  British  deposit  is  marked  by  ichthyolites,  many  genera  and  species 
of  which  are  described  by  Pander  in  his  new  work. 

One  of  the  finest  of  these  uppermost  Silurian  species  is  the  Cepha- 
laspis  verrucosus,  Pander  (Thyestes,  Eichw.),  a  genus  which  in  England 
first  appears  in  this  zone,  whilst  with  it,  in  the  Isle  of  Oesel,  as  also 
near  Ludlow,  is  found  the  Onchus  Murchisoni  (see  p.  256  et  teq.,  and 
P1.86.  f.l3, 14)*. 

These  grey  beds,  so  manifestly  identical,  through  many  of  the  species 
of  their  invertebrated  organic  remains,  with  those  of  the  Upper  Ludlow 
rocks,  present,  however,  no  transition,  as  in  England,  into  the  super* 
jacent  red  or  Devonian  strata.  The  lowest  zone  of  the  Old  Bed,  charac- 
terized by  its  Cephalaspis  Lyellii,  Pteraspides,  and  Pterygoti,  does  not 
exist  in  Bussia,  where  a  hiatus  occurs,  the  Middle  and  Upper  Devbnian 
being  transgressive  to  various  Silurian  rocks  in  the  Ghovemments  of 
Esthonia,  Livonia,  and  St.  Petersburg. 

Devonian  Bocks  of  Russia. — Deposits  of  this  age  are  so  very  widely 
spread  out  in  Bussia,  as  to  extend  over  a  region  more  spacious  than  the 
British  Isles.  This  great  extension  is  not,  however,  due  to  the  thick- 
ness, but  to  the  very  slight  inclination  of  the  beds,  and  to  their  having 
been  rarely  disturbed.  Though  subjected  to  broad  and  very  slight  bends 
only,  they  occupy  the  chief  part  of  the  Valdai  Hills,  and  rise  into  a 
broad  dome  near  Orel;  thus  constituting  the  highest  eminences  of  a 
comparatively  low  region. 

In  addition  to  many  shells,  some  of  them  peculiar  to  the  region,  but 
others  well  known  in  strata  of  the  same  age  in  the  limestones  of  Devon- 
shire, in  the  Eifel,  and  some  portions  of  the  Devonian  rocks  of  the 
Bhine  and  the  Boulonnais,  fossil  fishes  occur  in  numerous  localities,  and 
strikingly  characterize  this  deposit  in  Bussia.  Many  of  them,  brought 
to  England  by  myself,  were  shown  by  Agassiz  to  be  identical  with  spe- 
cies of  the  Scottish  Old  Bed  Sandstone ;  whilst,  from  a  microscopic  ex- 
amination of  their  teeth,  Owen  proved  that  some  belong  to  Dendrodusfy 
a  genus  of  sauroid  fishes  equally  characteristic  of  the  North  British 
formation.  The  Cephalaspis  Lyellii  and  the  Pteraspides,  which,  with 
their  associated  large  crustaceans,  the  Pterygoti,  characterize  the  lowest 
zone  of  Old  Bed  Sandstone  in  England  and  Scotland,  are,  as  before  said, 

*  In  addition  to  the  GephakspideB  (of  dacanthua,  Prionacanthua,  Onchus. — ^The 

several  species),  Prof.  Pander  describes  the  teeth    are  named  —  Aulaoodus   (Sphago- 

foUowing  genera  of  Upp^  Silurian  fish,  dus,    Eichwald),    Sfcrosiphorus,   Odonto- 

mostlyGanoids,  viz. :  Bytidolepis,  Schidi-  dus,  GK>mphodu8,  CkMcinodus,  Monoplen- 


osteus,  Goccopdtus,  (>phomalepis,  Tra-    rodus.    If,  bj  further  oomparison,  sereral 
chylepis,  Stigmalepis,  Pasylepis,   Lopho-    of  these  genera  should  disappear,  the  re- 


lepis, "Dictyolepis,  6niscolepis,Phiebolepis,  searches  of  M.  Pander  will  still  have  made 

lijtelittomalepis,     Tolylepis,     Lophosteus,  a  yery  oonsiderable  addition  to  Upper  Si- 

Pterichthys,  Coelolepis,  Pachylepis,  Nosto-  lurian  ichthyology, 
lepis. — ^The  Ichthyodorulites  are:  Rhab-        f  '  Russia  in  Europe,*  &c.,  vol.i.  p.  685. 
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unknown  in  Enssia, — a  soological  datum  which  is  in -perfect  harmony 
with  the  physical  break  observed,  whereby  this  band  is  omitted,  and  the 
fishes  of  the  middle  and  upper  portion  of  the  Old  Bed  series  of  Scot- 
land lie  in  strata  which  repose  transgreisively  on  yarious  members  of 
the  Silurian  rocks. 

When  the  first  edition  of  this  work  was  published,  the  existence  of 
the  Coccosteus,  so  characteristic  of  the  central  zone  in  the  north  of 
Scotland,  was  unknown  in  Bussia.  But  now,  thanks  to  the  labours  of 
Pander,  the  comparison  is  rendered  still  more  striking,  not  only  by  the 
addition  of  that  remarkable  form,  but  also  of  other  well-known  genera  of 
the  Caithness  flags — Osteolepis,  Diplopterus,  and  Dipterus.  The  other 
Scottish  forms,  and  even  species,  found  by  myself  and  companions,  were, 
indeed,  long  ago  identified  by  Agassiz  and  Owen  as  having  their  exact 
representatives  in  Bussiai  Such  are  the  great  Asterolepis  (Chelonich- 
thys)  Asmusii,  Ag.,  and  the  smaller  species,  A.  minor,  Ag.,  Glyptosteus 
favosus,  Ag.,  Bothriolepis  omata,  Eichw.  (Glyptosteus  reticulatus,  Ag.), 
Holoptychius  nobilissimus,  Ag.,  Dendrodus  strigatus,  Owen,  D.  bipor- 
catus,  Owen,  Cricodus  incurvus,  Ag.  (Dendrodus,  Owen),  Pterichthys 
major,  Ag.,  <Stc.*  ;  all  belonging,  as  already  shown  (p.  286),  to  the  central 
portion  of  the  deposit  in  Scotlandf' 

When  my  colleagues  and  myself  explored  Bussia,  the  connexion 
between  the  character  of  the  fossils  and  the  nature  of  the  matrix  in 
which  they  are  imbedded  was  more  pointedly  brought  before  us  in  our 
range  over  that  vast  Empire,  than  in  any  other  region  with  which  we  were 
acquainted.  In  Courland,  Livonia,  and  the  Baltic  Governments,  as  well 
as  in  the  great  central  dome-like  region  of  Orel,  to  which  the  formation 
extends,  and  where  it  has  since  been  examined  and  ably  described  by 
Helmersen,  finely  laminated  limestones  alternate  with,  and  are  subordi- 
nate to,  great  masses  of  sand,  marl,  and  flagstone ;  and  whilst  in  the 

*  *  Buseia  in  Europe,*  &c.,  toL  L  p.  40,  and  figures  of  all  their  separate  parts, 

and  fig.  p.  686.  which  will  be  of  yeir  great  value  to  the 

t  The  hut  work  of  Pander — ^and  other  paleontologist;  while  his  laborious  attempt 

fiisdculi  are  announced  (Ueber  die  Placo-  to  unrayel  the  complexities  of  the  sjno- 

dermen  der  Deronischen  System) — is  a  sin-  nymy  of  these  fishes  is  worthy  of  all  praise, 

gularly  valuable  contribution  to  Palich-  The  following  genera  have,  accorcung  to 

Myology.     The  author  adopts  M'Coy's  him,  been  based  wholly  or  partly  on  differ- 

term  of 'Plaooderms'  to  denote  a  fiunily  ent  portions  of — Ist.  Asterolepis  alone! 

composed  of  the  genera  Asterolepis,  Eich-  — ^Bothriolepis,  Af.,  Ghelonichthys,  Ag., 

walc^  Cocoosteus,  Ag.,  Homosteus  and  He-  Glyptosteus,  Ag^Pterichthys,  Ag.,  Pam- 

terosteusof  Asmus,  andChelyophorus,Ag.  phractus,  Ag.,  Homothorax,  Ag.,  Plaoo- 

The  Asterolepis,  however,  is  not  the  Aste-  thorax,  Ag.,  Odontacanthus,  Ag.,  Cteno- 

rolepis  of  Hugh  Miller.    For  the  latter,  ptychius,  Ag,^  Narcodes,  Ag.,  Gosmacan- 

Asmus*s  name  Homosteus  has  the  priority;  thus,  Ag.,  Placosteus,  Ag.,  PsammolepiB, 

while  the  Pterichthys  of  Agassiz  is  tlutt  Ag.,  Gtenacanthus,  Ag.,  Cheirolepis,  Eioh- 

which   was  first  termed  Asterolepis  by  wald,  Microlepis,  E.,  Chelyophorus,  Ag. 

Eichwald.  The  other  genera  are — ^2nd.  Coccosteus, 

M.  Pander  has  evidently  studied  a  ereat  Ag. ;  8rd.  Homosteus,  Asmus  (Asterolepis, 

number    of    specimens    of     Astertnepis  Ag.) ;  4th.  Heterosteus,  Asmus  (Astero- 

(Pterichthys)    and  Ck)ccosteus  with  ex-  lepis,  Ag.,   Ichthyosauroides,  Kutorga) ; 

tremeoare.    He  gives  restorations  of  each,  5th.  Chelyophorus,  Ag. 
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calcareoufl  courses  moUusks  prevail,  mixed  with  remains  of  fisbes,  the 
latter  are  found  most  generally  in  sandy  and  marly  beds.  In  tracing 
these  rocks  from  the  Baltic  provinces  to  the  White  Sea  and  Archangel, 
the  limestones  thin  out,  and  the  group  is  there  represented  only  by 
sands  and  marls. 

Accordingly  we  find,  that  where  the  rocks  have  the  sandy  character 
of  the  chief  masses  of  Old  Bed  Sandstone  in  the  British  Isles,  there  they 
are  exclusively  tenanted  by  fishes ; — a  remarkable  proof  of  the  accordance 
between  the  lithological  character  and  organic  contents  of  rocks  of  the 
same  age  in  very  distant  countries. 

Another  and  not  less  remarkable  fact  brought  out  by  the  survey  of 
Bussia  is,  that  the  same  fossil  fishes,  of  species  well  known  in  the  middle 
and  upper  portions  of  the  Old  Bed  of  Scotland,  and  which  in  large 
tracts  of  Bussia  lie  alone  in  sandstone,  are  in  many  other  places  found 
intermixed,  in  the  same  bed,  with  those  shells  that  characterize  the  group 
in  its  slaty  and  calcareous  form  in  Devonshire,  the  Bhenish  country, 
and  the  Boulonnais.  This  phenomenon,  first  brought  to  light  in  the 
work  on  Bussia  by  myself  and  colleagues,  demonstrates  more  than  any 
other,  the  identity  of  deposits  of  this  age,  so  different  in  lithological 
aspect,  in  Devonshire  on  the  one  hand,  and  central  England  and  Scot- 
land on  the  other.  The  fact  of  this  intermixture  completely  puts  an 
end  to  all  dispute  respecting  the  identification  of  the  central  and  upper 
masses  at  least  of  the  Old  Bed  of  Scotland  with  the  calcareous  deposits 
of  Devonshire  and  the  Eifel.  As  this  circumstance  had  been  slightingly 
spoken  of  by  critics,  I  wrote  to  my  colleague,  Helmersen,  to  enable  me 
to  reassert  the  fact  on  his  own  knowledge,  and  he  has  assured  me,  that 
this  intermixture  is  visible  in  numerous  parts  of  Bussia ;  and  that  any 
person  who  may  be  sceptical  has  only  to  visit  the  Museum  of  the  Impe- 
rial School  of  Mines  to  witness  frequent  examples  of  typical  Devonian 
mollusca  in  the  same  hand  specimen  with  Old  Bed  ichthyolites  like 
those  of  Scotland*. 

A  similar  intermixture  has  indeed  been  since  recognized,  to  some 
extent,  in  the  Devonian  rocks  of  the  Eifel  and  the  Harz,  and  also  in 
North  America. 

The  progress  of  research  had  enabled  M.  Kutorga  to  divide  the 
Devonian  rocks  of  a  part  of  Aussia  into  three  stages,  in  the  ascending 
order  of  clay  and  marl  with  Lingula  bicarinata,  compact  sandstone  with 
many  ichthyolites,  and  argillaceous  limestone  with  many  brachiopods. 

*  I  can  also  cite  with  satis&ction  an-  haye  attracted   my  puticular    attention 

other  confirmation  of  my  views,  as  oon-  on  account  of  their  fishes.     JFbr,  2y  these 

yeyed  in  a  letter  I  lately  received  from  so  renuntu,  together  wUh  the  characterieHc 

high  an  authority  as  M.  Pander,  vrho  thus  Srachiopoda  and  Acephakt,   the  agree- 

writes : — "  The  Devonian  rocks,  which  are  ment  of  the  roclcs  of  thie  system  in  Russia 

BO  clearly  described  in  your  work,  that  and  Britain  is  sh<^  in  the  clearest  «Miy." 

one  could  almost  find  them  in  the  dark,  — April  1858. 
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M.  Paader,  in  the  notice  previously  referred  to,  has  even  shown  that  the 
highest  of  these  beds  is  covered  by  other  sandy  strata,  in  which  fossil 
fishes  of  the  Devonian  epoch  equally  abound. 

This  author  also  distinguishes  three  stages  in  the  Devonian  rocks  of 
Bussia.  The  lowest  consists  of  sandstones  and  shale,  with  those  ich- 
thyolites  which  abound  in  the  North  of  Livonia  and  l^e  environs  of 
Dorpat  and  Tellin.  These  are  the  fishes  which  M.  Asmus  made  known, 
and  which  Pander  has  described  in  his  first  fasciculus  as  Devonian 
Placoderms.  In  these  beds  shells  are  rare ;  but  the  Lingula  does  occur, 
and  its  presence  alone  clearly  shows,  that  the  associated  fishes  were 
also  inhabitants  of  the  sea.  These  strata  contain  the  same  fishes  as 
the  Caithness  and  Elgin  beds  of  the  !North  of  Scotland.  The  next 
stage,  consisting  of  limestones,  both  dolomitic  and  simple,  and  of  shales, 
is  laden  with  nuirine  mollusca,  which  are  mixed  up  in  the  same  beds  with 
various  ichthyolites,  and  extend  over  wide  spaces.  In  this  zone,  as 
Colonel  Helmersen  informs  me,  the  Productus  productoides,  Terebra* 
tula  Livonica,  Spirifer  Archiaci,  S.  Anosoffi,  and  many  other  shells,  with 
Corals  and  Encrinites,  are  often  commingled  with  remains  of  Holopty- 
chius  nobilissimus,  and  numerous  bones  and  plates  of  other  fishes  which 
Pander  is  describing.  This  is  manifestly  one  of  the  stages  of  the  Old 
Ited  Sandstone  of  Scotland,  the  Holoptychius  and  other  fish-remains  of 
which  are  thus  proved  to  be  of  purely  marine  origin. 

The  third  and  highest  stage,  consisting  of  reddish  sands,  occasionally 
with  green  marls,  and  which  seems  to  be  simply  an  upward  continuation 
of  the  band  below  it,  contains  also  some  of  the  same  Holoptychius  with 
other  fish-remains. 

In  the  more  southern  tracts  near  Yoroneje*,  it  was  shown,  by  myself 
and  associates  (and  the  phenomenon  is  now  known  to  prevail  in  many 
other  tracts),  that  many  species  of  marine  brachiopods  were  absolutely 
commingled  with  fishes  in  one  and  the  same  marly  stratum.  It  follows 
therefore,  that  the  minute  distinctions,  lithological  and  organic,  trace- 
able in  one  district  are  not  applicable  to  another ;  and  that  the  lime- 
stones are  mere  mineral  accidents  in  a  great  arenaceous  and  marly 
series  of  strata ;  whilst,  on  the  whole,  the  identification  of  the  group 
with  its  equivalents  in  other  parts  of  the  world  has  been  established  in 
the  clearest  manner  by  means  of  the  fossil  contents. 

Beposing,  as  a  whole,  on  the  uppermost  Silurian  in  Esthonia,  and  on 
Lower  Silurian  in  the  Government  of  St.  Petersburg,  the  upper  members 
of  these  Devonian  strata  are  in  numberless  places  overlaid  conformably 
by  and  pass  up  into  carboniferous  limestone.  In  some  tracts  the  strata 
consist  of  flag-like,  shelly  limestones  and  marls,  in  others  of  sandstones 
both  soft  and  hard,  which  range  over  extensive  northern  districts  to  the 
banks  of  the  Lake  of  Onega  and  the  shores  of  the  White  Sea. 
•  *  Bussia  in  Europe,'  &c.,  p.  60. 
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In  certain  parts,  as  in  the  Valdai  Hills,  the  upper  beds,  represented 
in  the  following  woodcut,  are  red  and  green  marls,  containing  several  of 
the  above-named  fossil  fishes  of  the  Old  Eed  Sandstone  of  Scotland ; 
the  whole  mass  being  covered  by  carboniferous  limestone  with  its  usual 
fossils,  including  many  Producti. 

Bavikb  of  the  Beiaia  in  the  Yaldai  Hells. 
(From  *  BuBsia  in  Eiirope,*  p.  46.) 


The  lower  beds,  a,  5,  c,  d,  e^f^  con- 
sist of  various  sands  and  maris,  in  which 
ichthrolites  are  disseminated;  but  the 
bed  a  is  a  complete  congeries  of  flsh- 
bonea,  surmounted  by  a  copions  mass 
of  red,  white,  and  green  mturis.  Then 
follow  bituminous  schuts,  g^  A,  t,  with 
courses  of  bad  coal,  constituting  the 
bottom  beds  of  the  carboniferous  depo- 
sits: and,  after  other  alternations  of 
sands  and  marls,  Ir,  /,  they  are  followed 
b^  the  carboniferous  limestone,  m,  it, 
with  many  characteristie  fossils,  inclu- 
ding even  species  which  are  weO  known 
in  Britain,  such  as  the  Productnshemi- 
sphsericus,  P.  punctatus,  and  P.  semi- 
reticulatua. 


In-  the  distant  region  of  the  Petschora,  Count  Keyserling  obtained 
satisfactory  evidence,  that  certain  beds  charged  with  Gt)niatites  are 
inferior  to  aU  the  other  Devonian  strata  of  Bussia,  whilst,  as  we  shall 
presently  see,  the  chief  goniatite  deposit  on  the  banks  of  the  Bhine 
is  underlaid  by  fossiliferous  limestone  and  sandstones  of  great  thick- 
ness, which  there  constitute  the  central  and  lower  members  of  the 
Devonian  series. 

It  seemsy  indeed,  certain  that  there  is  no  known  equivalent  in  Bussia 
of  the  Syst^me  Rh^nan  of  Dumont,  or  great "  Spirifer-Sandstein,"  which 
forms  the  fossiliferous  base  of  the  Devonian  rocks  of  the  Rhine*.  This 
inference  is  indeed  sustained  by  the  fact  already  adverted  to  (p.  380), 
that  the  Upper  Silurian  of  Russia  is  nowhere  surmounted  by  that  band 
charged  with  Cephalaspis  and  Pteraspis,  which  constitutes  the  lowest 
member  of  the  Old  Red  Sandstone  of  Britain,  and  which  I  consider  to 
be  the  exact  equivalent  of  the  Spirifer-Sandstein  of  the  Bhine.  That 
the  Devonian  rocks  of  Bussia  are  completely  independent  of  the  Silurian, 
is  therefore  demonstrated  both  by  their  peculiar  fauna,  and  by  their 
reposing  in  one  tract  on  Upper,  in  another  on  Lower  Silurian  rocks, 
as  demonstrated  by  Helmersenf,  Kutorga,  Schmidt,  and  others. 

Cjarb(miferouB  JRocks  of  Bussia, — Of  the  Carboniferous  group,  as 
exhibited  in  Bussia  in  Europe,  it  is  enough  to   say,  that  its  lowest 

*  According  to  M.  Barrande,  Gbniatitee  M.  Baimund  Pacht  has  also  described,  in 

occur  in  the  Upper  Silurian  of  Bohemia.  some  detail,  the  nature  of  these  rocks,  and 

t  In  addition  to  Colonel  Helmersen's  a  portion  of  their  fossils,  as  they  occur  in 

survey  of  the  Devonian  rocks,  which  ex-  Livonia   (Deyonische  Kalk   in  Lievland. 

tend  so  largely  throughout  Central  Bxissia,  Ddrpat,  1849). 
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members  only  are  there  well  developed.  In  the  small  section  above 
given  (p.  384i),  we  see  beds  of  carboniferous  limestone,  with  traces  of 
coal,  lying  inmiediatelj  on  the  red  and  green  rocks  with  Devonian 
fishes.  To  the  north-east,  or  on  the  Andoma  Biver  in  the  Gt)vemment 
of  Olonetz,  the  calcareous  members  of  this  division  swell  out ;  but  even 
the  few  thin  seams  of  poor  coal  above  mentioned  disappear,  and  are 
represented  by  one  course  of  black  and  very  slightly  bituminous 
shale. 

Near  Moscow,  efforts  have  recently  been  made  to  reach  coal  by  boring 
through  the  superjacent  Jurassic  rocks  (Oxfordian),  which  there  cover 
the  carboniferous  limestone ;  but,  according  to  Helmersen,  no  coal  was 
detected  at  a  depth  of  490  feet.  Banging  from  Moscow  by  Serpuchof 
to  Tula  and  Kaluga,  where  the  carboniferous  limestone  again  comes 
out  to  the  surface,  two  seams  of  poor  coal  have  been  partially  worked  at 
Serpuchof;  but  they  are  of  very  slight  value  only*.  In  the  southern 
region  of  the  Donetz,  between  the  Don  and  the  Dnieper,  where  these 
lower  strata  reappear,  the  coal-seams  are  indeed  of  much  larger  dimen- 
sions, and  several  of  them  are  of  much  better  quality.  They  are  there 
all  interstratified  with  beds  of  carboniferous  Umestone,  like  the  Scotch 
coal-fields  (p.  312). 

In  the  last  tract,  however,  the  horizontality  of  the  paleozoic  strata 
in  the  northern  parts  of  this  vast  country,  which  would  have  rendered 
the  coal-beds  valuable,  no  longer  exists.  The  limestone,  sandstone,  and 
shale,  with  coal,  have  here  been  violently  extruded  to  the  sijrfiice  through 
a  cover  of  surrounding  Jurassic  and  even  cretaceous  deposits,  and, 
being  very  highly  dislocated,  are  consequently  difficult  to  work. 

But  if  Bussia  should  open  out  deep  shafts  around  the  field  of  the 
Donetzt,  the  good  beds  of  coal  which  she  possesses  in  the  south  may 
be  found  to  lie  in  valuable  and  regular  masses  beneath  the  unbroken 
and  surrounding  secondary  rocks. 

Some  of  the  grandest  examples  of  the  carboniferous  limestones  of 
Bussia  are  to  be  seen  on  the  banks  of  the  Volga,  near  Syzran,  the  bend 
which  that  mighty  river  makes,  as  delineated  on  all  maps,  being  caused 
by  lofty  cliffs  of  those  rocks  which  frown  over  the  low  region  on  the 
east.  There,  thick  beds,  containing  numerous  fossil  species  common  to 
this  division  in  many  quarters  of  the  globe,  are  laden  with  the  small 

*  Helxnenen,  '  Ueber  die  Bohrarbeiteii  surrounding  horizontal  seoondarj  forma- 
suf  Steinkohle  bei  Moskau  und  Serpu-    tions,  not  distant  from  the  edge  of  the 


chow;*  Melanges  Phys.  et  Chim.   Peters-  above-mentioned  upcast    and       

burg,  1866.  coal-field.  ^See  *  Bussia  in  Europe,'  &c., 
t  In  the  work  on  Bussia  I  suggested,  p.  118  et  seq^  I  last  year  called  the  atten- 
that,  if  the  Imperial  Goremment  should  tion  of  the  Emperor  Alexander  to  this  un- 
make trials  for  tohai  mojf  very  prohahUf  portant  subject,  when  I  had  the  honour  of 
prove  to  he  a  valuable  and  unbroken  coal-  an  interview  with  his  Imperial  Majesty  at 


field,  sinkings  should  be  made  on  the  left    Darmstadt. — ^April  1868. 
bank  of  theDonetz,  through  some  of  those 
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EusulinsB,  first  noticed  by  Pallas,  which  are  remarkable  in  being  among 
the  oldest  of  this  group  of  foraminifers  ;  the  Fusulina  being  in  truth  the 
prototype  of  the  ^ummulite,  which  became  abundant  so  long  after- 
wards in  the  lowest  tertiary  deposits. 

Other  and  not  less  gorgeous  masses  of  the  same  limestone,  but 
equally  without  coal,  are  displayed  on  the  western  flanks  of  the  Ural 
Mountains,  where  they  are  united  conformably  in  numerous  undula- 
tions with  underlying  limestones  containing  Devonian  fossils. 

Not  repeating  sketches  which  are  given  in  another  work,  I  would 
refer  the  reader  to  this  woodcut,  in  which  masses  both  of  Devonian  and 


DxVOKIAir    AND    CABBOmFEBOIJS    ROCEB    IN    THB    GOROB    OF    THB    TCHUSSOVATA 

BnriB  (Wbst  Flakk  ob  thb  Ubal  Mountains). 
(From  *  BuBua  in  Europe  and  the  Ural  Mountains,*  yoL  i.  p.  386.) 

Carboniferous  limestone  are  seen  in  intimate  connexion,  but  much 
dislocated  at  this  spot,  in  the  gorge  of  the  river  Tchussovaya  on  the 
western  edge  of  the  Ural  Mountains.  The  clearest  proofs  are  thus 
exhibited  (the  two  formations  being  quite  conformable),  that  the  por- 
tion of  the  series,  which  is  very  slightly  coal-bearing  in  central  Bussia, 
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and  much  more  so  on  the  Donetz,  is  entirely  wanting  on  the  flanks  of 
the  Ural. 

These  carboniferous  limestones,  eyerywhere  more  or  less  character- 
ized by  their  Producti,  are  overlaid  along  the  western  edge  of  the  Ural 
chain  by  sandstones  and  grits,  which  occupy  much  the  same  place  in  the 
general  series  as  the  millstone  grit  of  England.  In  that  region,  thin 
seams  of  coal  have  been  worked  on  the  banks  of  small  affluents  of  the 
Tchussovaya^  near  Ust  Coiva,  and  other  places,  in  this  representative  of 
the  millstone  grit  (see  'Bussia  in  Europe,'  vol.  i.  p.  126). 

In  Eussia  these  strata  are  often,  however,  more  calcareous,  and  con- 
tain goniatites.  They  constitute  the  uppermost  courses  of  the  Car- 
boniferous group,  properly  so  called,  in  the  vast  territory  between  the 
Volga  and  the  Ural  Mountains,  where  they  are  seen  in  many  localities 
to  be  at  once  succeeded  by  the  Permian  deposits  before  described. 
These,  the  highest  carboniferous  beds,  contain  only  at  intervals  very 
rare  and  thin  traces  of  coal,  and  the  great  upper  coal-fields  of  England 
have  no  representative  in  the  Bussian  Empire. 

In  stating,  however,  that  identical  formations  have  a  very  dissimilar 
aspect,  both  mineralogically  or  physically,  in  tracts  distant  from  each 
other,  we  have  only  to  point  to  different  parts  of  the  vast  Bussian 
Empire  itself.  Thus,  whilst  the  soft  Lower  Silurian  clays  and  sands  of 
St.  Petersburg  have  their  equivalents  in  the  hard  schists  and  quartz  rocks 
with  gold  veins  in  the  heart  of  the  Ural  Mountains,  the  equ^y  soft  red 
and  green  Devonian  marls  of  the  Valdai  Hills  are  represented  on  the 
western  flank  of  that  chain  by  hard,  contorted,  and  fractured  limestones, 
as  in  the  preceding  sketch,  made  in  the  gorge  of  the  river  Tchussovaya. 

The  deposits  of  Silurian^  Devonian^  and  Carboniferous  age^  which 
have  remained  spread  out  in  wide^  horizontal^  and  slightly  broken 
masses  over  Russia  in  Europe^  have^  we  thus  leam^  been  so  thrown 
up  in  the  Ural  Mountains  as  to  constitute  the  metamorphosed  and 
highly  mineralized  rocks^  some  idea  of  which  is  afforded  in  the 
preceding  sketch.  Other  views  given  in  a  subsequent  chapter  on  the 
auriferous  rocks^  will  realize  to  the  eye  the  condition  of  the  more 
central  and  completely  altered  rocks  of  that  chain.  In  the  mean 
time  it  may  be  stated^  that  hard  and  crystalline,  paleozoic,  slaty 
strata,  associated  with  numerous  eruptive  porphyries  and  green- 
stones, form  the  nuclei  of  all  the  mountainous  ridges  in  Siberia, 
whether  in  the  lofty  Altai  on  the  south-east,  where  some  of  them 
have  been  well  described  by  M.  Pierre  de  Tchihatcheff*,  or  in 

*  See  the  magnificent  work,  '  L' Altai  Orientale/  of  M.  Pierre  de  Tchihatcheir. 
Some  Devonian  fossils  have  been  found  near  Lake  Baikal. 
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those  hills  which  act  as  separating  barriers  between  the  great  rivers 
Ob^  Jenissei^  and  Lena,  and  extend  to  the  Sea  of  Ochotsk  and 
Behring^s  Straits  on  the  north-east.  Recently,  indeed,  these  phe- 
nomena have  been  traced  over  vast  regions  of  Mongolia,  the 
Kirghis  Steppes,  and  the  borders  of  Chinese  Tartary  and  Central 
Asia,  by  that  enterprising  explorer  and  skilful  artist,  Mr.  T.  W. 
Atkinson,  who  leads  us  to  believe  that,  in  addition  to  the  numerous 
eruptive  rocks  of  ancient  geological  date,  sub-aerial  volcanos  must 
have  existed  in.  parts  of  this  extraordinary,  and  hitherto  untrodden, 
wild,  rocky  region*. 

Grand,  therefore,  as  is  the  spread  of  soft  and  slightly  coherent 
primeval  rocks  throughout  Russia  in  Europe,  the  hard  stony  tracts 
of  this  age  which  extend  over  the  Asiatic  regions  of  the  same  great 
Empire  are  much  more  extensive. 

Restricting  our  view  to  Russia  in  Europe,  we  see  the  Silurian 
and  JDevonian  rocks  rise  partially  to  the  surface  in  the  southern 
provinces  of  Podolia,  on  the  banks  of  the  Dnieper ;  and,  although 
no  rocks  of  such  high  antiquity  have  yet  been  detected  in  the 
Caucasian  mountains,  they  reoccur  in  the  same  latitude  near  Con- 
stantinople t^  have  been  recognized  in  several  parts  of  Asia  Minor 
to  the  south  of  the  Black  Sea:(,  and  are  also  traced  (most  of  their 
fossils  belonging  to  the  Devonian  type)  even  to  the  southern  flanks 
of  Mount  Ararat,  and  thence  eastwards  into  Persia  §. 

*  See  Atkin8on*8 '  Oriental  and  Western  lai^  work,  which,  I  rtgoice  to  think,  he  is 

Siberia,'  1858.  now  preparing,  under  the  anapioea  of  the 

t  Proc.  GeoL  Soc.  Lond.  yoL  iL  p.  437.  Buaaian  Qoremment,  must  uirow  great 

The  Turkiah  foaaila  are  of  the  oldest  Dero-  liffht  on  the  physical  stractore  of  the 

nian  age,  and  represent  the  Spirifer  schist  whole  chain  of  the  Oaucasos.    In  s  me- 

and  sandstone  of  the  Rhine,  which,  as  well  moir  iust  reoeiTed,  M.  Abich  has  offered 

as  theureauiyalent,  the  Lower  Scottish  Old  sereral  critical  remarks  on  the  Mki  of 

Red  Sandstone,  are  wanting  in  Russia.  Europe  oomrJeted  by  the  able  and  in- 

X  Tchihatcheff,  BulL  Soc.  G^L  Fr.  yoL  genious  M.  Dumont  shortly  before  his 

Yii.  p.  889.    My  enterprising  friend  Pierre  death,  showing  scYcral  errata  of  oonsider- 

de  Tchihatcheff  is  now  about  to  explore  (as  able  magnitude  in  relation  to  the  Cauca- 

he  writes  to  me)  for  the  ninth  tune  Asia  sian  region,  most  of  which  pertain  to  rociks 

Minor,  Yisiting  tracts  which  are  blanks  on  of  Secondary  and  Tertiary  age,  not  treated 

Kiepert's  Map,  andpaiticalarly  the  ooun-  of  in  this  work.    He  states,  moreoYer, 

tries  of  Turkish  Armenia. — ^Aprill858.  that  the  Yiolet  colour  which  representa 

§  Abich,  Quart  Joum.  Geol.  Soc.  Lond.  the  Lower   DcYonian  (Rh&ian  of  Du- 

1846,  YoL  ii.  2nd  pt.  p.  96 ;  and  '  Russia  mont)  must  be  struck  out  as  regards  the 

and  the  Ural  Mountains,'  yoI.  i.  p.  662.  tract  lying  between  88°  and  47°  E.  long.;  all 

Prof.  Abich  also  found  carboniferous  lime-  that  country  being  occupied  by  Yery  old 

stones  CYerywhere  OYcrlying  these  Dcyo-  rooks  and  crrstf^ine  slatee.     In  truth, 

nian  rocks,  and  characterized,  too,  by  a  howcYer,  the  Map  of  Dumont,  one  half  of 

small  Fusulina,  of  a  species  distinct  from  which  is  taken  from  the  Map  of  Russia 

that  found  in  Russia.    The  memoir  he  in  Europe  and  the  Ural  Mountains  by 

has  recently  published,  and  particularly  a  myself  and  associates,  must  not  be  judged 
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Looking^  therefore^  to  the  ancient  crystalline  rocks  of  Scandi- 
navia^ the  origin  of  which  is  buried  in  obscurity^  we  know  that  they 
have  been  overlapped  successively  by  those  Silurian,  Devonian, 
Carboniferous,  and  Permian  strata  which  occupy  such  an  enor- 
mous r^on  in  Russia.  The  discovery  in  Spitsbergen  of  certain 
Permian  fossils,  which  have  been  clearly  identified  by  de  Eoninck''^, 
at  once  shows  how  widely  spread  were  all  these  primeval  deposits, 
and  how  they  must  have  been  successively  accumulated  around  a 
large  nucleus  of  pre-existing  crystalline  rocks. 

hv  such  ultra-Buropean  inaocunoies ;  for,  tail  which  I  intend  to  ooneet.   In  extend- 

althongh  the  daBBification  of  the  stra-  ing  his  oheervations  to  the  eaitward,  M. 

tified  rocks  of  my  late  dirtinguiBhed  friend  Hommaire  de  Hell  disooTered  Devonian 

differs  from  that  which  I  adopt,  I  much  rooks  in  Persia,  where  they  form  the  axis  of 

admire  the  deamess  and  heauf^  of  his  the  Slburs  chain  and  the  southern  slopes 

great  work.    For  my  own  Geological  Map  of  the  mountains  of  Tchihennene,  and  are 

of  Europe  (Johnston),  as  published  with  highly  fossUiferous  in  the  yaUey  of  Toura. 

the  assistance  of  Prof  Nicol,  I  dsim  more  (Bull.  Soo.  Q4oL  Fr.  yoL  viL  p.  600.) 
indulgence  from  my  friends,  as  it  was        *  BulL  de  I'Aoad.  Boy.  oe  Belgique^ 

hastily  issued,  and  contains  errors  of  de-  vols.  xiiL,  XTi. 
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CHAPTER  XV. 
PRIMEVAL  SUCCESSION  IN  aEEMANT. 

esmSBAL  SKETCH  OF  TKB  CHABACTEB  OT  THS  OLDBB  BOCKS  SXTENDUrO  WX8T- 
WIJIDS  FBOM  POULETD  AlTD  TUBXXY  IK  XTTBOFB  IKTO  THS  ALPS  AlTD  CABFA- 
THIAN8. — DBYOKIAK,  CABBOlOVEBOrS,  AlO)  FBBMIAK  BOCKS  OT  SILESIA  AKD 
MOBAYIA. — SILTTBUir  BOOKS  (lOWBB  AND  UPPEB)  OE  BOHEMIA. — ^LOWBB  SILIT- 
BIAN,  DETOKIAV,  AJTD  OABBOmPEBOUS  BOOKS  OE  SAXOITY,  THE  THUBOTGEBWALD^ 
ETC. 

If  the  general  order  of  die  older  strata  be  so  clearly  exposed  in  the 
vast  portion  of  Russia  in  Europe  which  has,  from  the  remotest 
antiquity,  been  exempted  firom  all  intrusion  of  every  description  of 
plutonic  or  volcanic  rocks,  we  no  sooner  pass  to  the  south-west  and 
ent^  the  Danubian  and  Turkish  provinces,  than  we  meet  with 
masses  more  or  less  crystalline,  which,  like  those  of  the  Ural  Moun- 
tains and  Siberia,  have  been  penetrated  at  various  localities  by 
igneous  matter.  These  extend  from  the  Balkan  into  the  ranges  of 
Thrace  and  Transylvania  on  the  one  hand,  and  into  the  Carpathians 
on  the  other,  but  have  as  yet  been  so  little  examined  in  detail,  as  to 
leave  us  in  ignorance  of  the  extent  to  which  a  paleozoic  dassification 
can  be  applied  to  them.  From  the  travels  of  Bou^,  Warington 
Smyth,  and  others,  it  is,  however,  known,  that  these  rocks  are 
usually  so  crystalline,  as  to  afford  few  spots  like  those  near  Con- 
stantinople, just  alluded  to,  where  the  paleontologist  can  expect  to 
observe  even  a  few  rare  fossils. 

When,  however,  we  reach  the  Eastern  or  Austrian  Alps,  we  find 
that,  although  most  of  the  strata  comprising  the  mighty  pile  of  these 
mountains  have  been  metamorphosed,  there  are  certain  '^  oases  "  at 
wide  intervals,  indicative  of  a  succession  similar  to  that  which  we 
have  been  following  through  other  countries.  Thus,  in  the  ridge 
south  of  Werfen  in  the  Salzburg  tract,  Orthoceratites,  Orthidae, 
Cardioke,  and  other  fossils  have  been  detected,  marking  a  remnant 
of  a  true  SUurian  zone,  the  chief  mass  of  which  is  in  a  crystalline 
state.  In  the  Styrian  Alps  near  Gratz,  certain  grey  schists  and 
calcareous  flagstones  contain  a  good  many  Devonian  fossils,  and 
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siinilar  rocks  have  there  been  traced  through  a  district  of  some 
extent. 

Near  Bleiberg,  in  the  Carinthian  portion  of  the  Eastern  Alps,  is  a 
limestone  with  large  Froducti,  which  is  universally  recognized  to  be  of 
carboniferous  age;  whilst  in  various  parts  of  the  Western  Alps,  the 
rocks  contain  courses  of  anthracite,  associated  with  plants  of  the  same 
era.  On  the  whole,  however,  it  may  be  said,  that  in  nearly  all  the 
countries  extending  over  the  southern  regions  of  Germany,  the  clear 
separation  of  the  paleozoic  rocks,  which  can  be  easily  effected  in  many 
other  parts  of  Europe,  is  impracticable.  This  is  doubtless  owing,  in 
great  measure,  to  numerous  mutations  of  structure,  as  well  as  to  the 
dislocations  and  inversions  which  all  the  rocks  have  there  undergone, 
from  the  Silurian  to  the  Eocene  Tertiary  inclusive. 

When,  however,  we  travel  westward  in  a  more  northern  parallel,  and 
pass  from  the  central  provinces  of  Bussia  into  Poland,  Prussia,  and  the 
northern  states  of  Austria,  we  find,  that,  although  the  paleozoic  rocks  of 
those  regions  have  no  longer  the  wholly  unaltered  £acies  which  they 
presented  to  us  on  the  banks  of  the  Neva,  the  Volga,  and  the  Dwina, 
and  though  they  have,  unlike  their  Bussian  equivalents,  been  penetrated 
by  many  eruptive  rocks,  yet  they  contain  numerous  examples  wherein 
order  and  the  norma)  relations  may  be  clearly  observed. 

In  Poland,  and  in  many  low  districts  of  Northern  Germany,  so  widely 
spread  are  the  younger  secondary  and  tertiary  deposits,  that  the  rocks 
under  consideration  rise  only  in  small  patches  to  the  surface.  Thus, 
around  Kielce*,  to  the  south  of  Warsaw,  a  nucleus  of  Devonian  rocks, 
with  much  limestone,  and  charged  with  many  characteristic  fossils,  is 
followed  by  carboniferous  limestone  and  thick-bedded  coal-seams,  over  a 
small  district  that  ranges  from  Bussian  Poland  into  the  Silesian  coal 
tracts  of  Ptnssia.  Thence  to  the  westward,  rocks  which  have  been,  or 
may  be  classified  as  Siliman,  Devonian,  Carboniferous,  and  Permian 
occupy  detached  districts  in  Prussia,  Saxony,  the  smaller  states  of  Ger- 
many, large  tracts  in  the  northern  territories  of  Austria  (particularly  in 
Bohemia),  and  also  in  parts  of  Moravia. 

In  traversing  the  Biesen-gebirge  to  the  south  of  Breslau,  the  geologist 
acquainted  with  the  full  development  of  the  paleozoic  rocks  of  other 
regions  is  struck  with  the  comparative  tenuity  of  the  Devoni%p  and 
Carboniferous  deposits.  In  large  portions  of  these  mountains  (the 
mineral  characters  of  which  have  been  recently  examined  in  detail  by 
M.  Gustav  Bose,  whilst  their  geological  distinctions  will  soon  be  laid 
down  on  a  map  by  M.  Beyrich),  the  strata  of  Silurian  age  have,  for  the 
most  part,  undergone  a  complete  metamorphosis.  They  have  indeed 
passed  so  generally  into  crystalline  schist  and  marble,  that  the  rarest 

*  See  *  Russia  in  Europe,'  vol.  i.  p..  39. 
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fossils  only  of  the  earlier  era  have  rewarded  the  labours  of  the  eminent 
men  above  mentioned,  or  of  my  old  friends  Dechen  and  Oeynhausen,  who 
first  explored  their  range.  That  these  older  crystalline  strata  are,  how- 
ever, the  equivalents  of  the  Silurian  rocks  is  certain,  because  they  have 
recently  been  found  to  contain  Qraptolites,  and  are  further  clearly  sur- 
mounted by  limestone,  charged  with  many  Pevonian  forms.  In  the 
district  of  Waldenburg,  south  of  Breslau,  and  at  Silberberg,  to  the  north 
of  G-latz,  the  Devonian  limestone,  having  a  thickness  of  50  to  60  feet 
only,  is  charged  with  ClymeniBd  and  many  other  typical  fossils.  It 
is  covered  by  an  overlying  limestone,  of  no  greater  vertical  dimensionB, 
laden  with  great  Producti  and  several  other  shells  well  known  in  the 
mountain  Hmestone  of  Britain*,  especially  those  of  the  lower  carboni- 
ferous zone ;  the  two  beds  being  separated  by  thin  strata  of  schist.  This 
carboniferous  limestone  is  overlaid  by  rocks  occupying  the  place  of  the 
millstone  grit  of  English  geologists,  and  which,  assuming  very  much  the 
same  mineral  characters  as  the  rocks  whereon  they  repose  (being  also 
perfectly  conformable  with  them),  were  in  old  times  confounded  with 
the  so-called  and  undefined  '^  grauwacke.**  It  is  in  this  portion  of  the 
series,  i,  e,  in  the  schists  and  sandstones  associated  with  the  carbo- 
niferous limestone,  that  several  of  those  plants  have  been  found,  which 
Professor  G-oppert  has  described  as  of  transition  age  (Calamites  trans- 
itionis,  &c.).  Above  these  schists  and  sandstones  come  the  small  pro- 
ductive coal-fields  of  Waldenburg,  succeeded  by  a  copious  development 
of  red  rocks  (Eoth-liegende),  grouped  many  years  ago  with  those  Permian 
deposits,  and  which  have  already  been  described  (p.  348)  t- 

Again,  in  Moravia,  from  all  that  I  can  learn,  whether  from  examining 
the  collections  of  Professor  Glocker  of  Breslau,  who  has  so  long  explored 
that  province,  or  from  consulting  a  work  of  Professor  von  Hingenau^, 
or  frx)m  a  partial,  personal  survey  in  1847,  it  would  appear  that  the  order 
of  the  older  paleozoic  deposits  is  very  analogous  to  that  which  prevails 
in  Silesia.  There  I  have  observed  crystalline  schists  and  limestone, 
representing  Silurian  formations,  followed  by  masses  of  limestone,  which 
at  Eittberg  and  other  places  around  Olmutz  are  charged  with  Devonian 
fossils.  Some  of  the  strata,  in  tracts  that  I  have  not  seen,  are  referred 
to  the  Carboniferous  era.  The  crystalline  rocks  which  range  thence,  or 
from  the  Sudeten  Mountains  into  the  Bohmerwald-gebirge,  and  have 
been  generally  described  by  Part8ch§,  Heinrichs,  and  others,  consist  of 
gneiss,  mica-schist,  chlorite-schist,  and  homblendic  slates,  with  saccha- 

*  At  one  spot,  Falkenberg,  I  collected  f  See  'Buraia  in  Europe  and  the  Ural 

in  the  carboniferoiiB  limestone  the  follow-  Mountabs,'  vol.  i.  p.  200.    I  examined 

ing  fossils,  vix.  Productus  gigas,  P.  semi-  this  tract  adone,  in  the  year  1844. 

reticulatos,  Strophomena  analoga,  S.  ere-  X   *  Uehersicht   der  Geologischen   von 

nistria  (var.^,  Spirifer  lineatns,  S.  pingnis,  M&hren  und  Oeeterr.  SchleBien.*    Wien, 

S.  glaher,  with  a  minute  Phillipeia,  a  small  1852  (with  a  Map). 

Orthooeras,  and  several  species  of  corals.  §  Jarhh.  K.  E.  Geol.  Beich.  8.  Heft,  1851. 
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roid  limestones ;  the  whole  being  penetrated  by  granite,  syenite,  green- 
stone, serpentine,  &c.  Although  portions  of  these  vast  masses  must 
represent,  in  my  belief,  the  Silurian  series,  the  greater  part  of  the  schist- 
ose rocks,  including  limestones,  in  which  fossils  have  been  detected,  are 
clearly  of  Devonian  age,  as  has  been  elsewhere  shown*. 

Silurian  Rocks  of  Bohemia. — ^If  the  traveller  has  worked  his  way 
round  from  Britain  through  Scandinavia  and  Russia  into  North- 
eastern Germany,  and  has  there  lost  the  clue  whereby  he  could 
have  identified  the  lower  crystalline  schists  and  limestones  of  Silesia 
and  Moravia  with  their  representatives  in  the  western,  northern, 
and  eastern  regions  of  Europe,  he  will,  indeed,  be  rejoiced  when  he 
enters  upon  the  territory  around  Prague,  and  there  sees,  under 
the  guidance  of  M.  Barrande,  a  most  complete  and  symmetrical 
exposure  of  the  whole  Silurian  system,  whether  as  respects  the 
clear  order  of  the  strata,  or  a  vast  abundance  of  organic  remains. 

The  geologist  who  would  form  an  adequate  idea  of  the  relations 
of  this  *'  Baasin  SUurien,"  so  admirably  developed  by  that  author, 
must  traverse  the  tract  as  I  have  done,  from  Przibram  and  Oinetz 
on  the  south-east,  to  Skrey  on  the  north-west,  or  visit  the  environs 
of  Beraun.  He  will  then  at  once  recognize  the  truthfulness  and 
accuracy  of  the  divisions,  which  have  been  established  after  a  most 
indefatigable  and  persevering  study  of  the  rocks  and  their  organic 
remains  during  the  last  twenty-four  years.  The  simple  and  regular 
form  of  this  basin,  and  the  order  in  which  its  concentric  deposits 
are  arranged,  have  enabled  its  first  true  explorer  to  usoertain  the 
existence  of  three  characteristic  faunas,  containing  eight  local 
stages,  into  which  Barrande  divides  what  he  has  there  called  the 
''  Silurian  System.'^    (See  the  annexed  diagramf.) 

•  See  Edinb.  Phil.  Mag.  1847,  p.  66,  of  the  Bohemian  or   *Cxeck'  language 

and  '  DevoniBche  Formation  in  Mahren,*  would  have  been  an  insarmonntable  bar- 

Leonh.  N.  Jahrb.  L,  1841.    The  obsenra-  rier ;  but,  finding  that  without  this  key  he 

tions  were  made  coigointlj  with  my  old  oould  not  direct  his  workmen,  M.  Barrande 

colleagues,  von  Keyserling  and  de  Yer-  mastered  the  difficulty,  and  made  himself 

neuil,  in  the  year  1847.  a  Bohemian  scholar  in  order  to  become  a 

t  Though  the  conclusions  are  stated  thorough  geological  expounder  of  these 

briefly  in  the  text,  I  must  be  allowed  to  rocks.    His  Silurian  cdlections  are  cer^ 

say  that  they  could  hare  been  arrived  at  tainly  more  interesting  than  those  ever 

only  through  intenselabour  and  unwearied  made  before  by  any  one  indiiridual;  and 

research,  as  well  as  by  the  liberal  employ-  the  evidences  of  faithful  scrutiny  and  of  a 

ment  of  Bohemian  workmen.    The  laJst  philosophical  spirit  pervade  all  the  pages 

twenty  years  have  been  occupied  in  un-  of  his  great  work,  whidi  must,  I  am  sure, 

raveUing   thia  grand  and   rich  Silurian  be  duly  i^preciated  by  every  geologist  and 

fauna.    To  most  persons  the  acquisition  natunuist  who  considts  it. 
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J  f  Just  as  in  the  British  Isles,  the  lowest 

[|l^  fossil-bearing  strata,  c  of  the  section, 
)  repose  on  a  vast  mass  of  azoic  schists, 
'  ee  conglomerates,  and  grits,  a,  b.  These 
are  in  parts  semi-crystalline,  and  rest 
1  upon  gneiss*  and  granitic  rocks.  The 
\  ^  argillaceous  schists,  o,  the  lowest  in 
I      which  fossils  occur,  he  terms  "  Faune 

I  Primordiale.' '  This  primordial  fauna  is 
specially  characterized  by  trilobites  of 
the  genera  Paradoxides,  Conocephalus, 

^      EUipsocephalus,   Sao,  and  Agnostus  ; 

i  °   and  it  also  contains  a  rare  Orthis  and 

some  Cystides,  and  some  species  of 

Pteropods belonging  to  the  genusTheca. 

According  to  the  opinion  of  M.  Bar- 

rande,  in  which  I  entirely  agree,  this 

zone  is  represented   (as  before  said, 

p.  43)  by  the  rocks  containing  Lingula, 

i      Agnostus,  Conocephalus,  and  Paradox- 

J      ides  in  North  Wales,  and  also  by  those 

n    which  in  the  south-west  flank  of  the 

[I     Malvern  Hills   contain  the   Olenus; 

II  whilst,  as  has  already  been  noted,  Ole- 
I      nus,  together  with   Paradoxides   and 

Agnostus,  are  typical  of  the  lowest 
band  containing  animal  life  in  Scandi- 
navia (the  Alimi  slates,  2,  of  the  section, 
p.  368,  or  Eegiones  A,  B,  of  Angelin). 
I      The  large  species  of  Paradoxides  in 
I  ^    Bohemia  also  belong  to  the  same  pri- 
l      mordial  group.   And  to  the  same  epoch 
must  be  referred  the  curious  forms 
which  have  recently  been  described  by 
^    Dr.  Dale  Owen  as  characterizing  the 
lowest  Silurian  rocks  of  vast  tracts  in 
P,    North  America. 
t  The  next  zone  or  stage,  n,  formed 

I      of  schists   and  quartzose   sandstones 
H    (quartzites),  represents  the  great  su- 

*  The  crystalline  rocks  have  recently  been  ex- 
plored by  Hochstetter  and  other  Austrian  geo- 
logists, whose  observations  completely  confirm 
the  conclusions  of  M.  Barrande.  (See  JaJirbuch 
K.  K.  Geol.  Reich.) 
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perior  mass  of  the  Lower  Silurian,  and  is  charged  with  abundant  casts 
of  Trinucleus,  Ogygia,  Asaphus,  BliBnuSy  Bemopleurides,  and  many  other 
trilobites.  In  it  also  has  been  observed  the  same  relative  development 
of  the  genus  Orthis  among  the  brachiopods,  and  of  Cystides  among  the 
echinoderms,  which  stamps  the  character  of  the  Lower  Silurian  rocks  of 
Scandinavia,  Sussia,  Britain,  and  North  America. 

Prague,  with  its  Imperial  palace,  the  Hradschin,  stands  upon  these 
Lower  Silurian  rocks,  which,  dipping  under  Fpper  Silurian  schists  and 
limestones  to  the  south  of  the  city,  rise  up  again  to  the  surfiice  on  the 
banks  of  the  Moldau,  a  few  miles  further  south,  and  thus  exhibit  the 
superior  members  enclosed  within  a  trough. 

M.  Barrande  places  the  base  of  his  Fpper  Siliirian,  or  bottom  of  his 
stage  B,  where  the  quartzites  with  Trinuclei  (Caradoc  sandstones),  &c. 
are  overlaid  bj  black  schists  containing  many  graptoUtes.  Several 
bands  of  greenstone  and  trap,  which  the  author  considers  to  be  of 
contemporaneous  age,  are  interpolated  in  this  portion  of  the  series, 
and  the  shales  are  followed  by  grey,  argiDaoeous  limestone  replete  with 
a  very  rich  fauna,  unquestionably  of  an  Upper  Silurian  type.  But, 
although  it  might  be  contended,  that,  as  in  other  countries,  the  schists 
which  contain  both  the  double  and  simply  serrated  graptolitic  bodies 
ought  rather  to  be  classed  with  the  lower  division,  no  one  can  doubt 
that  the  limestones  into  which  those  schists  graduate  upwards,  represent 
the  true  Upper  Silurian  type,  so  well  marked  in  England  and  Gothland. 
Thus,  in  these  we  meet  with  the  well-known  fossils  Cardiola  inter- 
rupta,  C.  fibrosa,  Fhragmoceras  ventricosum,  P.  arcuatum  (Cyrtoceras, 
Ban*.),  Orthoceras  annulatum,  O.  nummularium,  Bhynchonella  (Tere* 
bratula)  navicula,  B.  obovata,  B.  Wilsoni,  B.  marginalis,  Nerita  HaUotis, 
Pentamerus  Knightii,  P.  galeatus,  Spirifer  trapezoidalis,  and  forms  of 
Leptiena,  all  of  them  pubL'shed  in  my  original  work  as  Upper  Silurian 
species.  Again,  most  of  the  zoophytes  which  so  characterize  the 
Wenlock  and  Gothland  limestone  are  here  found  in  profusion,  including 
the  widely  known  corals,  Halysites  (Catenipora)  catenularius,  Favosites 
Gbthlandicus,  &c.  Even  that  fossU,  which  has  not  otherwise,  I  believe, 
been  detected  out  of  England,  the  Ischadites  KoBnigii,  Sil.  Syst.,  has 
been  here  collected  in  great  quantities.  It  is  also  in  this  rich  stage  (e) 
that  the  CephalopodB  have  their  maximum  development,  as  represented 
by  400  species  in  this  band  only,  there  being  among  them  many  species 
of  the  true  Nautilus.  The  Crustacea,  Acephala,  Ghuteropoda>  and 
Brachiopoda  occur  in  about  the  same  remarkable  proportion ;  M.  Bar- 
rande having  described  no  less  than  seventy-eight  species  of  Trilobites 
from  this  one  limestone ;  the  chief  genera  being  Acidaspis,  Calymene, 
Cheirurus,  Cyphaspis,  Lichas,  Phacops,  Harpes,  Bronteus,  Proetus,  and 
Airethusina. 

Ascending  from  this  limestone  (e  of  the  section),  the  remaining  and 
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superior  stages  of  calcareous  rock  (f  and  o)  are  so  entirely  conformable, 
are  so  often  knit  together  in  parallel  folds  in  the  same  hill  with  the 
stage  B,  and  are  so  connected  zoologically  as  well  as  stratigraphically, 
that  M.  Barrande  has  united  them  all  in  one  natural  group,  or  his  third 
fauna.  The  band  f  is  a  thin-bedded,  hard  limestone,  occasionally  con- 
taining huge  concretions  like  the  hailstones  of  the  Wenlock  limestone 
of  England ;  it  is  usually  of  a  light  colour  and  somewhat  crystalline, 
and  therefore  offers  a  strong  contrast  to  the  dark  and  earthy  rock  of 
the  stage  beneath  it.  This  stage  (f)  is  characterized  by  the  first  ap- 
pearance of  true  Gbniatites,  which,  as  far  as  I  know,  haye  not  been 
observed  in  so  low  an  horizon  in  any  other  part  of  the  world.  Some  of 
these  are  indeed  larger  than  any  previously  known  Gk>niatites.  All 
intervening  bands  of  shale  and  schist  disappearing,  the  stratum  f  is  at 
once  surmounted  by  the  highest  limestone  g,  a  rock  usually  of  small 
concretionary  structure,  but  which  when  laid  open,  as  in  large  quarries 
on  the  banks  of  the  Moldau  (Branik,  Wiskocilka,  &c.),  exhibits  exten- 
sive, flattish  masses  with  slightly  undulating  surfaces,  the  upper  layers 
of  which  are  covered  by  grey  shale,  h  of  the  diagram.  In  these  two 
uppermost  stages  nearly  all  the  other  classes  of  fossils  expire,  but  many 
trilobites  still  prevail  in  them. 

M.  Barrande  refers  all  these  three  limestones,  including  their  shales, 
inferior  and  superior,  to  the  Fpper  Silurian  group,  since  he  has  found 
(just  indeed  as  I  long  ago  anticipated*)  that  the  British  division  into 
Wenlock  and  Ludlow  rocks  wna  not  to  be  looked  for  in  distant  lands. 
In  truth,  he  has  detected  abundant  Ludlow  rock  fossils  in  the  lower 
limestone,  s ;  and  though  the  upper  stages,  f,  o,  h,  contain  some  of 
the  same  species  as  that  rock,  they  are  also  distinguished  by  many 
which  are  locally  peculiar  to  each  of  them.  In  this  way  f  is  marked  by 
its  profusion  of  brachiopods,  whilst  the  cephalopods,  so  abundant  in 
the  lower  limestone,  are  reduced  to  a  few.  Of  trilobites,  though 
there  are  seventy-five  species,  they  all  belong  to  the  same  genera  as 
those  of  stage  s. 

In  G,  or  the  highest  limestone,  there  would  seem,  at  first  sight,  to  be 
some  reason  for  classifying  this  mass  rather  as  Devonian,  seeing  that,  as 
well  as  the  rock  beneath,  it  contains  Goniatites,  a  genus  of  cephalopods 
unknown  in  the  Silurian  of  Britain,  but  abundant  in  the  Devonian 
and  carboniferous  rocks  of  many  countries.  This  one  feature,  how- 
ever (and  the  Bohemian  species  are  peculiar,  and  not  known  Devonian 
types),  cannot  prevail,  in  the  opinion  of  the  author,  in  the  Hsuce  of  the 
much  more  decisive  fact,  that  many  true  Silurian  types  pervade  the 
three  limestones,  and  unite  them  in  one  natural  group.  Thus,  we  here 
meet  with  forty  species  of  trilobites  of  the  genera  before  mentioned, 
with  the  addition  of  Dabnanites  (Phacops).  Now,  although  all  these 
•  See  *  Silurian  SyBtem,*  pp.  196,  801,  et  pasnm. 
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genera,  with  tbe  exception  of  Caljniene,  are  known  in  tbe  Devonian 
rocks,  no  one  of  the  Bohemian  species  has  been  found  in  them* ;  and 
the  resembhmce  is  therefore  confined  to  the  brachiopod  shells,  of  which 
a  few  species  are  certainly  found  in  Devonian  strata  t- 

Appended  to  his  work{  is  an  invaluable  table  (plate  61,  vol.  i.),  con- 
taining the  result  of  as  much  philosophical  thought  and  profound  research 
as  were  ever  embodied  in  a  single  page  of  natural  history ;  and  in  it 
M.  Barrande  brings  proof  at  once  before  the  eye,  that  every  one  of 
the  few  Devonian  trilobites  belongs  to  a  genus  which  took  its  rise  and 
had  its  maximum  development  in  the  Silurian  period.  In  other  words, 
they  are  only  the  expiring  remnants  of  the  crustaceans  of  the  first 
great  natural  epoch  in  which  those  animals  flourished.  M.  Barrande 
has  also  defined  the  upper  limit  of  Silurian  life  by  showing  that  his 
highest  limestone  contains  three  species  of  Calymene,  a  genus  never  yet 
found  in  the  Devonian  rocks ;  the  form  which  was  originally  taken  for 
a  Calymene  in  the  lowest  Bhenish  "  grauwacke  *'  being  now  Recognized 
as  a  Fhacops. 

In  short,  more  than  1800  species  of  fossils  have  already  been  obtained 
through  the  labours  of  this  naturalist  in  working  out  the  rich  materiaLs 
of  his  Silurian  basin ;  and,  as  in  Britain  and  other  parts  of  the  world, 
so  in  Bohemia,  the  most  assiduous  researches,  aided  by  the  microscope, 
have  &iled  to  detect  the  trace  of  a  vertebrated  animal  below  the  upper- 
most Silurian  rocks.  In  the  two  highest  bands  of  these,  and  notably  in 
the  uppermost  only,  has  M.  Barrande  obtained  firagments  of  fish-bones. 
It  is  further  remarkable  that  he  has  found  the  peculiar  crustacean 
Pterygotus,  ranging,  as  it  does  to  a  great  extent  in  England,  through 
the  Upper  Silurian  rocks  (p.  268  et  seq,).  See  also  Sil.  Syst.  pi.  4,  and 
p.  606. 

The  geologist  who  may  compare  this  edition  with  the  last  will  have 
already  perceived,  p.  48  et  seq,,  that  in  the  four  years  which  have 
elapsed,  many  new  or  additional  fossils  have  been  detected  in  the  lowest 
stages  of  the  Llandeilo  rocks,  chiefly  in  the  Silurian  region  of  England 
and  Wales,  as  well  as  in  the  crystalline  quartz  rocks  and  limestones  of 
Sutherlandshire  (pp.  196,  217). 

Now,  just  in  this  interval  of  time  has  M.  Barrande  discovered,  at  the 
same  horizon  in  his  Silurian  basin  of  Bohemia,  a  fauna  which  much 
resembles  the  same  old  British  zone.  Thus,  the  JBglina  prisca,  Barr., 
resembles  very  nearly  the  ^glina  nodosa^  Salter,  of  the  Stiper  Stones 
(p.  50) ;  whilst  the  Bedonia  of  Bouault  has  its  representative  in  the 
British  form  (fig.  8.  p.  50)  ;  and  the  Bibeiria  pholadiformis,  Sharpe, 

*  I  have  the  suthoritY  of  M.  Fridolin  f  Bammde  on  the  Silurian  Bnohiopods 

Sandberger  to  state,  that  he  knows  of  none  of  Bohemia,  in  Haidinger^syaturwisaenBch. 

of  Uie  Upper  Silurian  trilobites  of  Bohemia  AbhandL  1847,  voL  L 

in  the  Devonian  rocks  of  the  Bhine.  X  'Syst^meSilurien  dela  Boh^e,'  voLi. 
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which  characterizes  the  Lower  Silurian  of  Portugal,  and  resembles  our 
fossil  BedouiaP  complanata  (p.  50),  makes  its  first  appearance  in  Bohemia 
in  this  stage.  Let  us  also  mark,  that  here,  as  in  Shropshire,  graptolites 
and  orthoceratites  are  associated  in  the  same  zone  with  the  above-men- 
tioned mollusca,  and  that  one  of  the  Bohemian  orthoceratites  has  a 
striated  surface  similar  to  our  Orthoceras  Avelinii  (p.  50.  fig.  4). 

M.  Barrande  has  also  met  with  another  link  which  binds  together 
the  northern  type  of  Bussia,  Scandinavia,  and  England  with  that  of 
Bohemia,  in  a  species  of  large  Orthoceras  of  the  group  O.  duplex  (p.  377), 
so  eminently  characteristic  of 'this  age  in  the  North  of  Europe.  He 
has,  in  short,  detected  about  sixty  species  in  this  zone,  a  portion  of 
which  he  has  tabulated*.  Among  these  fossils  we  perceive  the  re- 
markable cephalopod  with  step-like  septa,  the  Bathmoceras,  Barrande, 
together  with  a  large  Ogjgia,  the  Caljmene  Arago,  and  BeUerophon 
bilobattts ;  the  last,  which  is  so  typical  of  these  rocks  in  Britain  and 
France,  being  very  abundant.  It  is  also  worthy  of  notice,  that  the 
Agnostus  tardus,  Barr.,  which  had  hitherto  been  recognized  in  the  upper 
division  only  of  stage  i>,  makes  its  first  appearance  in  these  much 
older  beds.  Here  also  iippears,  for  the  first  time,  the  Graptolites  priodon 
(colonus,  Barr.),  which  does  not  play  the  same  part  as  in  Britain  by  living 
on  through  so  long  a  lapse  of  time  (see  p.  139)  ;  for,  whilst  in  Wales 
and  Shropshire  the  latter  was  in  existence  from  the  period  when  the 
slaty  rocks  of  Snowdon  were  formed  to  the  time  of  the  Ludlow  deposit, 
this  same  fossil  in  Bohemia,  with  all  its  congeners,  reappears  no  more 
above  the  stage  e  of  the  Bohemian  basin.  Again,  among  the  fossils  of 
this  zone  there  are  Orthidse  of  three  species,  a  small  Euomphalus  ?,  E. 
primus,  Barr.,  or  rather  belonging  to  the  many-whorled  genus  Ophileta 
of  Sutherlandshire  and  Canada,  several  species  of  Cystides  and  Ophi- 
urid»,  with  Encrinites,  as  well  as  forms  of  the  little  entomostracite 
Beyrichia,  which  characterizes  vast  breadths  of  Upper  and  Lower 
Silurian  rocks  in  many  countries,  even  in  the  Arctic  Begions.  Already, 
therefore,  in  this  very  ancient  stage,  we  find  many  of  the  types  which 
range  through  the  whole  Silurian  system ! 

The  overlying  stages  of  the  great  Lower  Silurian  deposit  of  Bohemia, 
or  the  four  upper  subdivisions  of  the  group  n  of  Barrande,  correspond 
on  the  whole  to  the  remainder  of  the  Llandeilo  Flags  and  all  the 
Garadoc  formation.  But  the  same  mineral  characters  are  so  persistent 
throughout  the  series  of  numerous  bands  of  quartzite,  and  similar 
courses  of  schist  are  so  repeatedly  interlaced  with  them  from  the  base 
to  the  summit,  whilst  so  many  fossils  are  common  to  the  whole,  that  it 
has  not  been  found  practicable  to  mark  the  same  distinctions  as  in 
Britain.      Among  the  fossils  which  most  prevaQ  may  be  mentioned 

*  BuU.  Soc.  G^L  Fr.  2  sdr.  vol.  xiii.  p.  632. 
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Beyrichia  Bohemica,  Acidaspis  Bucbii,  Flacoparia  Zippei,  Theca  elegans, 
and  Bibeiria  pholadiformis ;  the  latter  haying  lived  on  from  the  earliest 
formed  strata  of  this  group  (b). 

Let  me  here  add  a  few  more  words  on  some  striking  features  of  the 
organic  remains  of  this  Bohemian  basin.  Among  the  graptolites  the 
G.  priodon  (Ludensis,  Sil.  Sjst.),  which  in  England  is  found  in  all  the 
Silurian  rocks,  is  beautifully  preserved, — ^its  smaller  end  being  in- 
curved. Of  corals  there  occur  quite  as  many  Silurian  forms  as  are 
known  in  England.  The  Cystide»  of  the  Lower  Silurian  (stage  n  of 
Barrande)  are  occasionally  of  great  size,  and  some  of  them,  like  the 
Echino-encrinites  of  Scandinavia  and  Bussia,  ascend  into  the  stage  x, 
or  Upper  Silurian. 

The  profusion  of  chambered  shells  in  the  basin  of  Prague  has  enabled 
M.  Barrande  to  trace  many  gradations  between  the  generic  types  Oom- 
phoceras,  Fhragmoceras,  l^rochoceras,  Cyrtoceras,  &c, ;  and  in  the  centre 
of  two  specimens  of  Orthoceras  he  has  detected  animal  matter  in  the 
state  of  adipodre !  These  bodies  are,  therefore,  he  justly  considers,  the 
oldest  mummies  ever  exhumed ;  since  they  occur  in  Lower  Silurian  rocks 
with  Trinudei !  The  most  ancient  Nautilus  yet  found  is  probably  the 
N.  tyrannus,  Barr.,  a  huge  form  of  a  genus  which  the  author  has  traced 
through  all  its  stages  of  growth.  There  are  some  Gbniatites,  of  forms 
approaching  Nautilus ;  but  no  species — ^not  even  in  the  very  highest 
strata  near  Prague — is  a  known  Devonian  t3rpe. 

Besides  the  genera  of  trilobites  enumerated  as  occurring  in  the  pri- 
mordial or  lowest  zone,  that  band  also  contains  the  Hydrocephalus,  so 
named  by  Barrande  £rom  its  inflated  head,  and  the  Arionellus,  a  large 
flat  form,  which  M.  Angelin  has  recognized  in  the  same  zone  in  Sweden. 
In  the  succeeding  mass  of  the  Lower  Silurian,  or  stage  d  of  the  author, 
is  found  the  Beyrichia  lata,  common  also  to  Sweden  and  America.  The 
Acidaspis  Buchii  has  been  described  also  by  M.  Bertrand  G^lin  from 
rocks  of  this  age  near  Nantes;  whilst  other  Entomostraca,  chiefly 
bivalved  (of  which  there  are  about  tweniy  species),  range  from  the  lowest 
to  the  highest  of  the  Upper  Silurian  limestones. 

Space  does  not  permit  of  an  examination  of  the  analogies  and  iden- 
tities prevailing  among  the  brachiopods  and  gasteropods  of  the  basin 
of  Prs^e  as  compared  with  those  of  Silurian  age  in  other  countries. 
Suffice  it  to  say,  that,  when  fully  elaborated,  the  whole  of  the  fossils 
will  probably  araoimt,  under  the  discrimination  of  M.  Barrande,  to 
upwards  of  2000  species !  * 

Other  results  of  the  researches  into  the  contents  of  the  Bohemian 
basin  show  just  those  agreements  in  the  general  distribution  of  life  and 
the  peculiarities  of  local  arrangement  which  are  found  in  all  synchronous 

*  Geologists  will  do  well  to  consult  the  beautiful  suite  of  Silurian  fossils  from  Bo- 
hernia  in  the  British  Museum,  as  collected,  classified,  and  arranged  by  M.  Barrande. 
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deposits.  Thus,  the  Pterygoti  in  Britain  ascend  from  the  Llandoyeiy 
to  the.  Ludlow  rocks,  and  in  Bohemia  thej  range  upwards  from  the 
stage  s,  or  the  representative  of  the  Wenlock  formation. 

Again,  the  Asterida,  or  Star-fishes,  which  are  rare  in  what  maj  be 
called  the  Llandeilo  rocks,  or  Barrande's  subdivision  i>\  become  con- 
spicuous in  the  higher  stage  or  Caradoc,  D^  They  have  the  same  range 
in  Britain  and  Canada. 

Notwithstanding  their  strict  conformity  to  each  other,  the  Lower 
and  Upper  Silurian  rocks  of  Bohemia  are  supposed  to  be  more  sharply 
separated  from  each  other  by  fossils  than  in  the  wider  area  of  the  British 
Isles.  This  fact  may  to  a  great  extent  be  explained  by  an  appeal  to  the 
usual  phenomenon  of  a  clear  separation  of  types  wherever  a  limited  tract 
only  is  surveyed. 

But  here  we  have  another  cause,  by  which  M.  Barrande  accounts  satis- 
factorily for  the  specific  separation,  in  this  tract,  of  the  animals  of  his 
three  Silurian  zones.  He  shows,  that,  after  the  accumulation  of  what 
he  caUs  the  primordial  fauna,  the  sea-bottom  of  this  region  was  power- 
fully disturbed  by  the  eruption  of  porphyries.  Again,  after  the  com- 
pletion of  his  second  zone,  or  at  the  close  of  the  older  Silurian  period, 
other  igneous  rocks  (greenstones,  trap,  Ac.)  were  so  copiously  and  re- 
peatedly evolved,  as  to  account  for  the  destruction  of  nearly  all  the 
animals  then  living  in  this  area ;  the  creatures  which  were  enabled  to 
exist  and  live  on  during  such  turbulent  conditions  being  for  the  most 
part  GraptoKtes. 

Yet  even  under  this  point  of  view,  the  author  of  the  '  Bassin  Silurien 
de  la  Boheme  *  has  proved,  that  not  less  than  sixiy  species  of  fossils 
are  common  to  his  stages  d  and  e.  Thus,  when  the  observer  is  working 
his  way  up  through  the  Lower  Silurian  schists  and  quartzites  of  the 
stage  D,  with  their  OrthidsB  and  Trinudei,  he  meets  unexpectedly  in 
them  with  intercalated  bands  of  dark  shale,  mineralogically  similar  to 
those  of  the  superior  stage,  and  in  which,  out  of  sixiy-seven  discovered 
species,  sixiy  are  forms  that  characterize  the  Upper  Silurian  band  b. 
This  is  the  more  remarkable,  as  the  fossils  otherwise  known  in  the 
stage  D  are  by  no  means  similar  to  those  of  the  overlying  rocks. 

M.  Barrande,  broaching  an  original  theory,  has  suggested,  that  these 
schists,  so  insulated  among  the  older  strata,  may  be  regarded  as  having 
been  the  seats  of  '*  colonies ''  of  animals  which,  existing  in  some  other 
part  of 'the  world  whilst  the  Lower  Silurian  fauna  prevailed  in  Bohemia, 
were  carried  to  these  spots  by  currents,  and  thus  for  a  time  inhabited 
the  region,  before  the  more  general  introduction  of  exotic  species  at  a 
subsequent  period. 

Some  geologists  would  endeavour  to  explain  the  fact  by  simply  showing 
that  fossil  animals  are  frequently  associated  with  particular  conditions, 
disappearing  and  reappearing  with  changes  of  the  sea-bottom.     The 
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only  difference  between  this  view  and  that  of  M.  Barrande  is,  that  he 
considers  his  ancient  colony  to  have  migrated  £rom  remote  seas,  where 
his  third  or  Upper  Silurian  fsiuna  already  flourished ;  whilst,  for  my  own 
part,  I  rather  prefer  to  consider  them  as  distinct  and  separate  appear-  • 
ances  of  similar  types  in  the  same  tract ;  the  first  of  them  haying,  so  to. 
speak,  failed  to  establish  themselves  on  the  spot,  the  second  having  ac- 
quired a  fuller  development  upon  the  subsequent  reappearance  of  these 
animals.  But  whether  we  apply  the  ingenious  speculation  of  M.  Bar- 
rande or  not,  the  alternation  is  manifest,  and  the  Lower  and  Upper 
Silurian  rocks  are  undeniabUf  linked  together  through  an  interchange 
of  a  considerable  number  of  their  respective  fossils. 

Before  I  take  leave  of  this  rich  continental  centre  of  Silurian  life, 
which  my  eminent  friend  has  rendered  so  classical,  let  me  invite  the 
attention  of  the  reader' to  one  salient  proof  of  his  acumen  and  sagacity 
as  a  naturalist.  Every  one  knows  that  living  crustaceans,  from  the 
king  crab  (Limulus)  and  lobster  downwards,  proceed  firom  eggs;  and 
before  reaching  maturity,  many  of  them,  even  of  the  higher  grades,  are 
known  to  pass  through  a  metamorphosis.  Now,  M.  Barrande  has  ^ib- 
^  covered,  after  examining  multitudes  of  specimens,  that  the  trilobite  or 
earliest  crustacean  underwent  a  similar  metamorphosis  firom  the  embryo 
to  the  adult  state,  and  passed  through  many  changes  of  form.  In  the 
genus  Sao,  for  example,  he  has  distinguished  no  less  than  eighteen  stages 
of  development  of  the  same  species,  each  stage  being  marked  by  an 
addition  to  the  thoracic  ribs  of  the  animal ;  and  he  has  thus  taught  us, 
by  true  natural  proofs,  that  several  so-called  genera  and  many  species 
named  by  contemporary  authors  really  belong  to  this  one  creature*. 
The  same  analysis  of  forms  has,  indeed,  been  extended  by  the  author  to 
other  and  higher  deposits  of  the  Silurian  system ;  for  he  has  indicated 
twenly-two  changes  in  his  beautiful  new  species  Arethusina  Koninckii 
of  the  stage  e  ;  and  altogether  he  has  found  the  phenomenon  to  hold 
good  in  thirty-four  species  of  trilobites  in  the  Lower  and  Upper  Silu- 
rian strata;  there  being  seven  metamorphoses  in  the  genus  Trinucleus 
alone.  He  has  even  followed  out  his  subject  into  other  families,  and 
has  traced  the  fossil  Nautilus  from  the  egg,  through  tweniy  variations 
of  form,  to  its  completion  with  a  perfect  aperture  to  the  shell. 

In  a  word,  the  work  of  M.  Barrande  will  convince  every  one  who 
studies  it,  that  we  have  now  obtained  quite  as  clear  an  insight  into  the 
earliest  stages  of  life  yet  recognized  upon  the  globe,  as  into  the  succes- 
sion of  those  younger  deposits,  the  secrets  of  which  are  so  much  more 
easily  wrung  firom  the  less  indurated  stony  records  of  nature. 

*  See  particularly  Corda,  *Prodrom.  has  been  diyided  into  no  less  than  ten 
einer  Monog.  der  Bohmische  Trilobiten,'  genera,  and  these  again  subdivided  into 
in  which  the  species  Sao  hirsuta,  Ban*.,    eighteen  species ! 

2d 
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Faleozoic  Bocks  (Silurian^  Devaniany  Oarhoniferout,  and  Fermian*) 
ofThwringiay  Franeoniaf  Saxony ^  and  the  adjacent  FrincipaliHeg. — ^The 
older  sedimentaiy  formations  occupy  a  considerable  region  on  the 
north-western  flank  of  that  devious  chain  of  granitic,  gneissoae,  and 
other  crystalline  rocks,  which,  ranging  £rom  north-east  to  south-west, 
divides  Saxony  from  Austria,  and  trends  into  the  Fichtel-gebirge  of 
Bavaria.  From  that  chain,  the  deposits  in  question  descend  into  and 
spread  over  a  broad  and  comparatively  low,  undulating  tract,  which  in 
its  central  part  is  cut  through  transversely  by  the  river  Saal,  as  it  flows 
from  Hof  on  the  south-east  to  Saalfeld  on  the  north-west.  On  their 
western  boundary,  theser  sedimentary  rocks  again  constitute  some  of  the 
lofty  eminences  of  the  Southern  Thuringerwald ;  the  Whole  succession 
under  consideration  having  a  dominant  strike  from  south-west  to  north- 
east. In  this  way  the  younger  strata  may  be  said  to  occupy  a  broad 
trough,  ranging  lengthwise  from  Bonneburg  and  G^era  on  the  north-east, 
by  Schleitz,  Flauen,  and  Hof^  to  Upper  Franconia  on  the  south-west ; 
whilst  the  older  rocks  of  the  series,  rising  up  on  either  side,  are  often 
in  a  highly  metamorphic  state,  but  chiefly  on  the  south-eastern  flank  of 
the  depression. 

The  first  effort  to  co-ordinate  the  various  sedimentary  rocks  of  this 
region  with  their  equivalents  in  the  Shenish  provinces  and  the  British 
Isles  was  made  in  the  year  1839  by  Professor  Sedgvrick  and  myself  f. 
We  commenced  our  survey  by  examining  the  mountainous  elevations 
or  old  greywacke  of  the  South  Thiiringerwald,  and  thence  extended 
our  observations  to  the  younger  shelly  limestones  of  Upper  Franconia, 
wherein  Count  Miinster  had  collected  his  transition  fossils.  Ab  the 
result,  we  indicated  that  which  has  proved  to  be  the  true  general  suc- 
cession. We  spoke,  for  example,  of  a  slaty  greywacke  with  greenish 
slate,  and  quartzose  flagstones  and  grits  like  those  of  the  Longmynd ; 
of  quartzites  in  roofing  slates  with  a  greenish  tinge  (Schwartzburg,  &c.), 
that  reminded  us  of  the  lower  slates  of  Cumberland  and  Westmoreland. 
The  whole  of  them  were  said  to  exhibit  great  undulations,  but  with  a 
prevalent  dip  to  the  south-east — ^to  be  powerfully  affected  by  a  slaty 
cleavage — ^and  to-be  surmounted  by  subcrystalline  limestones  with  alum 
slate  (pyritous  shale  of  Doschnitz,  &c.).  These,  again,  were  described  as 
covered  by  other  grey  schists  and  greywacke,  containing  also  courses  of 
limestone ;  and  all  such  beds  disappeared,  we  said,  under  more  earthy 
and  arenaceous  strata,  resembling  the  Devonian  rocks  of  the  Bhenish 
provinces.  Finding,  however,  no  fossils  except  encrinites  in  the  lower 
part  of  these  rocks,  we  could  assign  to  them  no  more  definite  place  than 
that  they  were  probably  of  the  age  of  the  slates  of  the  Ardeniies.     On 

*  For  details  of  the  Permian  rocks  of  f  Trans.  Geol.  Soc  Lond.,  2nd  ser.» 
these  tracts,  see  p.  331  et  teq.  vol.  vi.  p.  296. 
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the  other  hand,  we  considered  the  fossiliferouB  limestonee  of  Franconia 
(Elbersreuth,  Hof,  Ghittendorf,  Ac.),  which  are  replete  with  Cijmemtd, 
Gbniatites,  and  Orthoceratites,  as  being  uneqniyocallj  of  Devonian  age ; 
and,  lastly,  bj  actual  sections,  we  confirmed  the  view  of  Count  Munster 
derived  from  fossils  only,  and  showed  that  the  limestones  and  associated 
schists  of  Trogenau,  Eegnitz  Losau,  and  Wurlitz  near  Hof,  were  truly 
of  the  age  of  the  Carboniferous  or  Mountain  Limestone*. 

In  calling  attention  to  this  view  of  succession,  which,  in  a  recent 
visit  with  Professor  Morris,  I  found  to  be  substantially  correct,  it  is 
by  no  means  contended  that  Professor  Sedgwick  and  myself  did  more 
than  offer  a  general  suggestion ;  for  at  that  time,  not  only  was  there  no 
true  geological  sketch  of  this  complicated  country,  but  not  even  any 
ordinary  geographical  map  which  could  be  depended  on.  In  the  nineteen 
years  which  have  since  elapsed,  good  trigonometrical  surveys  have 
been  made  of  large  portions  of  the  region ;  able  geologists  of  Saxony 
and  Meiningen  have  likewise  constructed  geological  maps,  and  have 
described  many  fossils  entirely  unknown  in  former  days. 

Thus,  Professors  Naumaon,  Cotta,  and  Geinitz,  in  Saxony,  and  M. 
Bichter  of  Saalfeld  in  Meiningen,  have  elaborately  worked  out  the 
demarcation  of  the  mineral  masses  of  which  these  old  rocks  are  com- 
posed, and,  some  having  been  found  to  contain  graptolites,  trilobites,  and 
other  ancient  fossils,  such  inferior  greywacke  has  very  properly  been 
referred  by  those  authorities  to  the  Lower  Silurian  t*  With  this  view 
I  quite  agree,  guarding  the  definition  of  the  word  ''  Lower  Silurian  "  by 
explaining,  that  some  of  the  black  schists  of  this  region  which  contain 
graptolites,  may  be  of  the  age  of  that  zone  in  Bohemia,  which  forms 
the  base  of  the  Upper  Silurian  of  M.  Barrande. 

The  following,  therefore,  may  be  taken  as  a  view  of  the  succession,  which 
completes  the  first  sketch  by  Sedgwick  and  myselfl 

1.  Ancient  locks  of  the  Thiiringerwald,  consisting  of  gieemsh  taloose  schists 
with  white  quartz  veins,  which  in  former  times  afforded  some  gold.  They 
range  from  Steinheide  by  Igleahieb,  or  £rom  south-west  to  north-east,  in 
association  with  certain  bands  of  ferruginous  and  purple-coloured  greywacke, 

*  The  foBols  collected  in  these  lime-  can  well  undentaiid  how  that  gentleman, 

stones  were  Prodnctus  pnnotatns,  P.  anti-  from  whom  I  experienced  every  courtesy 

cmatttB,  P.  snbltfyiB,  P.  puBtulonu,  a  large  ^en  I  visited  Steinach,  should  have  been 

Orthis  near  to  O.  (jreniBtria,  PhiU.,  Cho-  led  to  indicate  an  order  of  strata,  wherebj 

netes  papilionacea,  Euomphalus  pentan-  the  rocks  which  are  reallj  Beronian  were 

gulatus,  and  several  corals  of  the  genera  placed  under  the  Lower  Silurian  grey- 

SyringoporajCyathophyllumj&c. ; — a  per-  waoke.    The  formationB  referred  by  hun 

feeUy  carboniferous  assemblaffe.  to  the  Upper  Silurian,  under  the  names 

t  I  must  not  omit  to  ada  to  this  Ust  (^  Wenlock,  Aymeetrr,  Ludlow,  &c.  (Zeit. 

the  name  of   M.  Enfelhardt   of   Ober-  Deutsch.  Geol.  Gheeellsch.  Berlin,  vol.  iv. 

Steinach,  who  has  miSd  a  large  eollection  p.  234),  are  for  the  most  part  Devonian, 

of  fossils,  some  of  which  are  manifestly  of  as  proved  by  fossils  $  but,  not  relying  <m 

Lower  Silurian,  and  others  of  Devonian  my  own  judgment  only,  I  obtained  the 

age.    The  strata  near  that  place  are  so  dis-  opinion  of  M.  Barrande,  whidi  confirmed 

located  and  in  great  part  mverted,  that  I  my  own  views. 
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not  unlike  the  bottom  rocks  of  the  British  sections  described  in  the  second 
chapter  of  this  work.  These  masses  occupy  the  highest  grounds  of  the  Ober- 
land  of  Meiningen,  attaining  an  eleyation  of  nearly  3000  English  feet  above  the 
sea.  2.  The  beds  of  this  lofty  plateau  fold  over  both  to  the  north-west  and 
south-east,  and  are  throughout  affected  by  a  slaty  cleavage,  which  extends  to  all 
the  overlying  formations.  As  the  planes  of  this  cleavage,  usually  plunging  to 
the  north-west  at  a  high  angle,  are  dominant,  and  often  obliterate  the  lines  of 
true  bedding,  they  have  misled  some  observers  with  respect  to  the  physical  suc- 
cession of  the  strata. 

Attentive  observation,  however,  shows  that,  rolling  over  in  undulations  to 
the  south-east,  the  above  rocks  ("Grune  Grauwacke"  of  Richter),  containing 
the  fiicoid,  Phycodes  circinnatum,  Richter,  and  the  pygidium  of  a  trilobite, 
are  overlaid  by  the  group  which  Richter  terms  "Graue  Grauwacke."  The 
latter  is  composed  of  much  slate  with  hard  siliceous  sandstone,  courses  of  lime- 
stone, and  some  alum  schists ;  one  portion  of  the  slaty  rocks  being  extensively 
quarried  for  the  manufacture  of  slate  pencils  (Criffelstein).  The  lower  beds 
exhibit  fine  examples  of  fiicoids,  among  which  are  the  Fucoides  AUeghaniensis, 
together  with  Myrianites,  and  the  (graptolites  P)  Cladograpsus  nereitarum, 
Nereograpsus  Sedgwick!,  and  N.  Cambrensis  (Nereites  •,  Sil.  Syst).  The  upper 
beds  especially  contain  graptolites,  orthoceratites,  and  some  fonns  of  trilobitee. 
Of  the  truth  of  this  succession  I  convinced  myself  by  examining,  with  M. 
Engelhardt  and  Professor  Morris,  that  portion  of  the  section  of  Ober-Steinach 
which  pertains  to  the  Silurian  rocks.  A  species  of  trilobite  found  by  M.  Engel- 
hardt approaches  near  to,  if  it  be  not  identical  with,  Ogygia  (Asaphus)  Buchii, 
whilst  a  form  of  Maclurea  collected  by  M.  Richter  closely  resembles  the 
M.  magna,  Hall ;  and,  as  some  of  the  worm-like  bodies  (Nereites),  and  several  of 
the  graptolites,  both  double  and  single,  are  not  distinguishable  from  forms  known 
in  the  British  Isles,  there  can  be  no  doubt,  that  we  have  in  this  slaty  group  a 
true  equivalent  of  a  Lower  Silurian  formation,  and  probably  of  Llandeilo  age. 

The  positive  identity  of  the  Thuringian  strata  with  their  equivalents  in 
Britain  has  been  further  established  by  the  occurrence,  not  only  of  the  same 
species  of  Annelide  or  large  Nereites,  as  above  noticed  (see  the  woodcut,  p.  221), 
but  also  by  the  Protovirgularia  dichotoma;  specimens  of  which  Richter  has 
detected  in  Germany,  apparently  identical  with  those  collected  by  Sedgwick  in 
the  Lammermuir  Hills  of  Scotland. 

It  would  further  appear,  that  there  are  strata  in  the  Southern  Thiiringerwald 
which  by  their  fossils  approach  to  the  Oaradoc  and  Lower  Llandovery  rocks  of 
Britain;  for  Richter  has  shown f  that,  together  with  Trinucleus,  the  Phacops 
Stokesii  is  present,  as  well  as  the  Pentamerus  oblongus  and  P.  globosus.  With 
these  also  are  the  well-known  British  Lower  Silurian  fossils,  Euomphalus  Com- 
densis,  Sil.  Syst.,  Orthis  testudinaria,  Balm.,  O.  altemata,  Sil.  Syst,  O.  lata,  ib., 
Leptasna  sericea,  ib.,  &c.,  some  of  which  are  Lower  Llandoveiy  species. 

The  upper  beds  of  alum  slate  and  flinty  slate  are  principally  characterized 
by  graptolites,  several  of  which  are  species  identical  with  those  described  by 
Portlock,  Salter,  M'Goy,  Harkness,  Nicol,  and  myself,  chiefly  from  the  Lower 
Silurian  of  Britain;  and  among  these,  as  seen  in  the  work  of  Geinitz,  or 
identified  by  M.  Richter,  are  the  following :  Diplograpsus  folium,  His. ;  D.  pal- 

*  M.  Q«initz  rmrds  these  as  belonging  to  the  Ghraptolite  family. 

t  25eit8chr.  der  Deutschen  GeoL  GeselL  1863,  p.  489 ;  ib.  1854,  p.  275,  note. 
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meus  and  D.  oyatus.  Ban*. ;  D.  teretiiuculus,  His. ;  Graptolithus  priodon  (Lu- 
densia,  Sil.  Syst.) ;  G.  Sedgwidri,  Portiock ;  G.  Becki,  Bair.;  G.  latus,  M'Coy  (?)  ; 
G.  epina,  Richt ;  G.  turriciilatiLB,  Ban*. ;  G.  NilBsoni,  Ban*. ;  G.  Sagittarius,  His. ; 
G.  colonus,  G.  Proteus,  and  Rastrftes  peregrinus,  Ban*.*;  witii  some  other 
species  common  to  this  region  and  Bohemia,  including  the  remarkable  form 
Retiolites  Geinitzianus,  Ban*.  Several  of  the  graptolites  are  similar  to  those 
of  the  Silurian  deposits  of  Scandinavia,  North  America,  and  other  countries. 

The  researches  of  M.  Bichter  have,  indeed,  gone  farther,  and  have 
enabled  ub  to  speculate  upon  a  close  approach  to  the  Upper  Silurian, 
if  he  has  not  really  made  known  the  base  of  that  division.  For,  among 
the  remains  of  one  of  the  courses  of  limestone  he  has  detected  Cardiola 
interrupta,  Brod.,  Acroculia  prototypa,  PhiU.,  with  the  Orthoceras  sty- 
loideiun  and  O.  Bohemicum  of  Barrande,  both  of  which  characterize  the 
stage  B  of  that  author. 

The  Silurian  rocks  of  the  Thuringerwald  and  of  the  Saalfeld  tract, 
which  are  penetrated  at  intervals  by  porphyries  and  greenstones,  are 
irregularly  overlapped,  towards  their  south-eastern  flanks,  by  masses  of 
Devonian  age  (the  '^Bothe  Ghrauwacke"  of  Bichter),  which  will  presently 
be  considered.  Silurian  schists  containing  graptoKtes  again  emerge 
from  beneath  younger  strata  in  a  series  of  low  undulations  far  to  the 
east  of  the  lofty,  wooded  Thuringerwald.  The  base,  in  fact,  of  the  low 
ridges  extending  from  Bonneburg  on  the  north-east,  through  Schleitz, 
to  Lobenstein  on  the  south-west,  is  composed  of  graptolite  schists  and 
roofing-slates.  Similar  rocks  reappear  in  parallel  undulations  in  the 
environs  of  Plauen  and  Hof ;  and  it  is  probable  that  considerable 
portions  of  the  "  Thon-Schiefer  "  of  the  geological  map  of  Saxony  will 
hereafter  be  found  to  belong  to  the  Lower  Silurian  division. 

The  exact  demarcation  of  the  outline  of  these  Silurian  formations, 
and  their  separation  from  all  the  older  unfossiliferous  and  crystalline 
strata  on  the  one  hand,  and  from  the  Devonian  rocks  on  the  other,  will 
be  a  work  of  no  small  labour.  Their  regular  order  has  been  repeatedly 
interfered  with  by  pseudo-volcanic  or  eruptive  masses,  which,  whether 
they  constitute  stratified  layers  or  appear  as  intrusive  bosses,  have 
singularly  affected  the  ordinary  sediments.  These  igneous  rocks  are, 
indeed,  most  accurately  laid  down  on  the  map  by  Professor  Naumann 
and  his  associates.  So  rapidly  does  the  geologist  here  proceed  from 
one  formation  to  another,  that  a  single  small  hill,  composed  of  Lower 
Silurian  schists  with  graptolites,  is  often  contiguous  to  the  Upper 
Devonian  limestone.  These  changes  are  well  seen  near  Schleitz,  where 
the  low  ridges  of  black  brittle  schist,  which  form  the  pleasure-grounds 
of  the  reigning  Prince  (Heinrich's  Buhe),  are  laden  with  Graptolites, 

*  See  some  of  these  foi^ns  of  Qraptolite,  p.  64,  and  Plates  1  and  12  of  this  work. 
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OrtbidflB,  and  other  fossils  of  Lower  Silurian  date*;  whilst,  on  the 
western  side  of  an  intervening  small  hill  of  eruptiye  rock,  the  geologist 
has  before  him  a  limestone  charged  with  Clymeni»,  Cypridins,  and 
the  yery  uppermost  Devonian  fossils !  On  the  whole,  however,  it  may 
be  said,  that,  although  they  occupy  so  broad  an  area  in  the  lofly  tract 
of  the  Thiiringerwald,  the  Silurian  rocks  only  make  their  appearance 
partially,  and  within  comparatively  narrow  bounds,  in  the  central 
portion  of  that  region  which  has  here  been  designated  a  vast  undulating 
trough.  Even  then  one  characteristic  band  is  alone  visible,  composed 
of  the  black  schists  and  slates,  extending  from  Bonneburg  by  Schleitz, 
to  Lehestein  and  Lobenstein. 

The  Devonian  rocks  of  this  portion  of  (Germany,  previously  known 
to  us  by  the  paleontological  illustrations  of  Count  Munster,  have 
recently  been  much  better  developed  by  the  labours  of  Gkinitz  and 
Eichter. 

Prom  the  densely  wooded  cover  of  the  lands,  it  is  exceedingly  diffi- 
cult to  trace  any  absolute  junction  of  these  Devonian  rocks  with  the 
subjacent  Lower  Silurian  of  the  Thiiringerwald.  That  they  lie,  how- 
ever, irregularly  upon  their  older  neighbours,  is  manifest  from  the 
fedthful  delineation  of  their  outlines  in  the  geological  map  of  Bichter, 
in  which  the  Devonian,  or  the  "Eothe  Qrauwacke"  of  that  author, 
constitutes  patches  or  hummocks  only,  in  relation  to  a  great  spread  of 
the  more  ancient  rocks  f*  That  this  is  their  true  position,  I  can  now 
affirm. 

The  extent  to  which  this  Devonian  group  of  Thuringia,  Franconia^ 
and  Yoigtland  can  be  paralleled  in  its  details  with  that  of  the  Ehenish 
provinces  of  Prussia  is  not  yet  completely  ascertained ;  for,  beginning 
with  what  is  now  usually  recognized  as  the  lowest  fossiliferous  rock  of 
the  Bhine,  or  the  **  Spirifer  Sandstein,"  I  have  not  been  able,  any  more 
than  in  Bussia  (p.  884),  to  detect  such  strata  in&aposed  to  the  fossili- 
ferous limestones  of  this  region. 

*  All  the  Silurian  foBsilB  figured  from  Orthooeras  Brongniarti,  Trooet ;  O.  tenue, 

this  spot  in  the  work  of  Prof.  Geiniti  Wahlenber^;  Leptocheles  (Oeratiocaria  P) 

were  preriouoly  found  hy  M.  Bemer,  of  Murohiaoni,  Agaas. ;  Tentaoulitea  tenuiay 

Schleitz,  who  had,  it  appears,  detected  Sow.;   Ptennea  Sowerbyi,  M*Coy;   Nu* 

ffraptolitea  in  these   strata  many  years  cula  levata,   Hall;    Cytherina  subrecta, 

before  the  attention  of  geologists  was  oJled  Portlock  (P)  ;  and  Orthis  oaUactis,  IHlm. 


to  them.  These  fossils  are,  however,  very  obecnre, 

t  See  Beitrag  zur   Pal&ontologie   der  and  their  identification  therefore  doubtfid. 

ThiMnger-Waldes  Ton  B«inhard  Richter,  In  the  Devonian  rocks  he  describes  one 

Dresden  and  Leipsig,  1848;  and  Die  Ver-  genus   of   tnlobite   (Phaoope)   onhr ;  of 

steinerungen  der  Gb*auwacken  Formation  chambered  shells,   24  species,  including 

in  Sachsen,  &c.,  Ton  Hans  Bruno  G^einitz,  Orthoceras,  Gomphooeras,  and  Cyrtoceras ; 

Leipsig,  1853.     In  the  first  part  of  his  Clymenia,  6 ;  Goniatites,  4 ;  Gasteropods, 

able  work,  Prof.  Ghinitz  describes  and  8  species;    LameUibranchs,   24  species; 

figures  many  species  of  graptoUtes,  before  Brachiopods,  11 — ^including  the  uniTCrsal 

r^erred  to,  p.  405 ;  and  in  the  seoond  he  Atrypa  reticularis ;  of  Crinoids,  9  or  10 

adds  to  these  the  following  Silurian  fossils :  species ;  and  about  11  kinds  of  oorab  are 

— Nereograpsus    tenuisaimus,   Emmons ;  also  enumerated. 
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The  next  question  then  is,  can  we  eren  divide  the  DeTonian  of  this 
region  in  Central  Germanj  into  lower  and  upper  limestones,  as  was 
first  done  in  Deyonshire,  and  afterwards  in  the  Bhenish  proyinces  P 

This  separation  has,  indeed,  heen  partially  made  by  Geizdtz,  who  places  at 
the  bottom  of  this  group  certain  schists  near  Roimebuig,  which  Naimiann  has 
identified  in  several  other  localities.  These  schists  contain  Tentaculites  l»vi- 
gatus,  Roemer;  T.  subconicns,  C^ein.;  with  Phacops.  Then  follow  certain 
limestones  near  Plauen,  Wildenfek,  and  other  localities,  including  the  well- 
known  Mbersieuth,  which  are  also  classed  as  older  Devonian.  These  are  charac- 
terized by  Orthoceias  interruptum  and  O.  dimidiatom,  Miinst,  Clymenia  l»vi- 
gata  and  C.  linearis,  Miinst,  corals,  and  crinoids.  Then  succeed  stratified,  igneous 
rocks,  some  of  which  are  greenstones,  others  coarse  trappean  breccias,  and  others 
again  finely  levigated  ash-beds,  occasionally  calcareous  and  undistinguishable 
from  the  "Schaalstein"  of  the  Khine  (Plauachwitzer-schichten  of  Naumann). 
Above  these  is  said  to  be  placed  the  Clymenia  limestone,  properly  so  called,  and 
in  which  many  fossils  abound,  including  Goniatites  and  several  species  of 
Poeidonomya  (P.  inversa  and  P.  regularis,  Goldf.,  &c.),  together  with  a  vast 
profusion  of  Cypridina  serrato-striata,  Roemer.  Not  professing  to  have  worked 
out  the  proofs  of  these  subdivisions,  I  must  say,  that  in  those  tracts  which  I 
have  examined,  there  are  no  evidences  of  two  Devonian  limestones,  separated 
from  each  other  by  slaty  rocks,  as  in  England  and  on  the  Rhine. 

In  short,  I  have  nowhere  seen  in  Saxony,  or  the  adjacent  districts,  a  full 
representative  of  the  Eifel  limestone,  as  characterized  by  its  Stringocephali, 
CalceolsB,  &c.,  overlaid  by  another  which  represents  the  Clymenia  rock  of 
England  (the  Erammenzel-stein  of  the  Rhine).  Recentiy,  however,  M.  Geinitz 
has  detected  in  the  strata  inferior  to  the  Cypridina  schists  the  following  fossils, 
all  of  which  are  found  in  the  Eifel  limestone :  viz.  Feneetella  cervicomis,  Edw. 
and  Haime;  Stromatopora  concentrica,  Goldf.;  Fenestella  subrectangularis, 
Sandb.  -,  Productus  subaculeatus,  Murch. ;  Chonetee  minuta,  de  Eon. ;  Atiypa 
(Spirigerina)  reticularis,  Linn.;  Terebratula  elongata,  Schloth.;  and  a  large  spe- 
cies of  Phacops.  But,  as  towards  the  end  of  this  chapter  we  shall  indicate  that 
those  two  calcareous  masses  which  are  so  clearly  separated  in  some  districts 
are  nearly  brought  together  in  others,  so  is  it  possible  that  the  divisions 
partially  indicated  through  their  fossils  by  Geinitz  may  be  established  in 
Voigtiand,  and  that  the  trappean  tuff  (schaalstein)  of  Plauschwitz  and  other 
places  may,  as  he  believes,  separate  these  two  rocks. 

However  this  may  be,  the  ascending  order,  in  several  localities,  is  dear,  from 
a  highly  fossiliferous  and  nodular  limestone,  laden  with  Cypridinae,  Clymenise, 
Goniatites,  and  Orthoceratites,  and  which  is  clearly  Upper  Devonian,  into  asso- 
ciated strata  in  which  land  plants  begin  to  appear.  The  Devonian  limestone  is 
surmounted  by  a  copious  acciunulation  of  sandstones  and  schists,  occasionally 
siliceous — ^the  "jiingste  grauwacke"  of  Geinitz,  charged  with  terrestrial  vegetable 
remains.  These  are  sometimes  followed  by  the  carboniferous  limestone  or 
"  kohlen-kalk "  with  its  large  Producti,  and  by  other  strata  which  contain  a 
different  series  of  land  plants. 

Such  an  ascending  order  is  seen  at  Hof,  on  the  right  bank  of  the  Saal, 
between  the  town  quarries,  replete  with  Cypridinae,  and  an  overlying  coralline 
limestone.    This  succession  is  more  clearly  viewed  between  Gattendorf  and 
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Troguenau ;  the  intervening  space  between  the  Devonian  or  Clymenia  lime«- 
stone  of  the  former  and  the  Carboniferous  or  Productus  limestone  of  the  latter 
being  occupied  by  ferruginous  greywacke  with  traces  of  plants,  and  by  a  mass 
of  *'  kiesel-schiefer/'  which  there  occupies  the  same  place  as  the  rock  so  called 
by  the  geologists  of  the  Rhine  country*. 

Again,  in  the  gorge  of  the  Saal,  near  Saalfeld,  the  cliffs,  which 
M.  Eichter  has  described  in  a  published  sectionf,  expose  a  magnificent 
mass  of  limestones,  characterized  throughout  by  Cypridina  serrato-striata 
and  C.  calcarata,  Boem.,  with  other  Upper  Devonian  types,  but  which 
offer  no  evidence  whatever  of  a  second  limestone  between  them  and  the 
Lower  Silurian  rocks.  Here  the  same  geologist  has  detected  Fhacops 
lati^ns,  Bronn,  F.  granulatus,  Posidonomya  minuta,  and  P.  intercos- 
talis,  Eoem.,  with  trails  of  worm-like  animals.  Here  also  (no  igneous 
rocks  appearing)  the  ascending  order  seemed  to  me  to  be  clear  and 
unequivocal.  In  spite  of  the  dominant  slaty  cleavage,  the  planes  of 
which  dip  to  the  north-west,  the  Cypridina  limestones,  after  those  fine 
convolutions  which  render  the  gorge  so  picturesque,  are  seen  to  pass 
under  the  mass  of  red  rocks,  or  "  Eothe  Grauwacke  "  of  Bichter  J,  the 
whole  being  covered  unconformablj  bj  terraces  of  Zechstein. 

The  lower  part  of  this  reddish,  sandy,  and  schistose  flagstone  is 
interlaminated  with  the  Cypridina-schiefer,  the  mass  of  which  imme- 
diately succeeds  to  the  limestone ;  and  from  this  point  the  beds  begin 
to  contain  Jand  plants,  which  augment  in  quantity  and  size  in  the  over- 
lying or  younger  strata.  These  consist,  first  of  reddish  and  grey,  and 
then  of  greenish  shale,  of  considerable  thickness,  which  on  the  right 
bank  of  the  Saal  extend  from  the  cliffs  of  Bohlen  by  the  Pfaffenberg 
to  the  Kleitsch  Hill,  and  finally,  at  the  foot  of  the  Bothenberg,  are  sur- 
mounted by  ferruginous  micaceous  flagstones,  contaLaing  a  great  quantity 
of  fossil  plants.  I  direct  particular  notice  to  this  section,  because  it 
exhibits,  more  clearly  than  any  other  knovni  to  me,  the  extent  to  which 
the  land  vegetation  augments  as  we  ascend  fix)m  the  Devonian  rocks. 

The  lowest  plants,  as  discovered  by  M.  Bichter  in  the  Cypridina 
schists,  consist,  according  to  Professor  Unger,  to  whom  they  were 
referred,  of  many  species  belonging  to  new  or  undescribed  genera,  and 
even  to  new  families.  Some  of  them  are  considered  to  be  intermediate 
between  Perns  and  EquisetaceaB, — others  seem  to  be  primitive  forms  of 

*  Much  oonfiision  ma^  arise,  in  com-  near  Hof,  and  which  are  unquestionably 

paring  the  local  descriptions  of  Qerman  on  the  parallel  of  the  so-caUied  "KieseU 

geologists,  from  the  use  of  mineral  terms  Sofaiefer     of  the  Prussian  and  Hessian 

applied  to  rocks.    Thus,  in  this  region  of  geologists — i.  e.  of  the  date  of  the  lower 

Thuringia  and  Saxony,  **  Xiesel-Schiefer,"  carboniferous  formations, 

which  here  usually  designates  some  of  the  f  Beitr.  Paliiont.  des  Thuringer-Waldes, 

older  Silurian  schists  and  also  some  De-  Tab.  1.  Dresden,  1848. 

Tonian  beds,  might  be  strictly  applied  to  J  I  convinced  M.  Richter  of  this  fact, 

the  flinty,  schistose  stnitA  oyerlying  the  by  closely  scrutinizing  the  section  in  com- 

Cypridins   limestone  and   its  greywacke  pany  with  that  gentleman. 
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Cjcads  and  Conifers,  possessing  characters  of  which  (says  the  Pro- 
fessor) no  one  has  as  yet  had  an  idea ;  and  one  presents  such  a  singular 
organization,  that  he  terms  it  the  '^prototype  of  the  Gymnosperms!** 
This  is  the  genus  Aporoiylon  of  Unger,  a  coniferous  tree  which  has 
only  simple  wood-cells,  without  the  disks  usual  in  plants  of  this  order. 
In  some  of  these  Conifers  the  resin  even  of  the  wood  has  been  pre- 
served. The  aboye  are  figured  in  his  last  important  memoir*,  where  also 
are  enumerated  from  the  same  beds  several  species  of  the  Calamite» ; — 
Haplocalamus,  Calymma,  Calamopteris,  Calamosyrinx ;  and  some  of  a 
more  solid  structure,  Calamopitys ;  a  few  forms  of  the  genera  Cyclo- 
pteris,  Sphenopteris,  Dactylopteris ;  besides  several  genera  founded 
on  the  stems  of  plants.  There  is  also  a  Lepidodendron,  L.  nothum, 
probably  identical  with  one  from  Caithness  (see  p.  290,  f.  4). 

This  section  is  still  further  interesting  in  demonstrating  a  passage 
upwards  into  other  and  overlying  beds  beneath  the  Bothenberg, — ^viz. 
into  the  micaceous  sandstones  and  flagstones,  which,  on  account  of 
their  flora,  must  be  classed  with  the  lower  carboniferous  rocks.  Such, 
for  example,  are  Calamites  transitionis,  Gopp. ;  Megaphytum  (Bothen- 
bergia)  Hollebeni,  Cotta;  with  E^norria,  &e.;  plants  which  are  well 
known  in  the  Bhenish  provinces  of  Prussia,  where  they  invariably 
occupy  the  lower  carboniferous  rocks,  and  never  descend,  like  the  group 
above  mentioned,  into  the  Devonian,  properly  so  called.  Here,  then,  on 
the  edge  of  the  Thuringerwald,  M.  Bichter  has  collected  data  to  prove, 
by  fossil  vegetables  alone,  a  succession  from  the  Devonian  to  the  Car- 
boniferous period. 

Having  called  the  attention  of  that  author,  on  the  spot,  to  the  im- 
portance of  applying  these  facts  respecting  the  distribution  of  the  fossil 
plants  to  the  tracts  between  Saalfeld  and  Schleitz,  in  parts  of  which 
such  remains  were  for  the  first  time  observed  in  a  recent  excursion  f,  I 
now  learn  from  him,  that  he  has  considerably  extended  the  area  which 
is  occupied  by  the  lower  carboniferous  rocks  in  that  country,  as  defined 
by  its  terrestrial  vegetation  J. 

These  plant-bearing  rocks  also  occupy  a  considerable  stripe  of  ele- 
vated country  at  the  southern  extremity  of  the  Thuringerwald  between 
Sonneberg  and  Teuschnitz ;  and  they  occur  in  abundance  in  the  gorge 

•    *  Beitrag  zur  Falftontologie  dee  Thu-  portion  of  it  muBt  now  be  assigned  to  the 

ringer- Waldee,  by  B.  Biditer  and  Franx  lower  etirboniferoutfoniuUion,  When  will 

Unger.    Denkschr.  der  Math.-Naturwis8.  my  valued  mends,  the  mineralogists  and 

Classe  der  Kaiserl.    Akad.   der  Wissen-  geologists  of  Germany,  abandon  a  word 

Bchaften.  Band  xi.  1856,  Vienna.  which  has  led  to  such  endless  confusion  P 

t  The  observation  was  made  by  M.  I  cannot  but  regret  that  a  work  of  such 

Bichter  and  Baron  von  Bamnbach,  in  com-  ability  as  that  recently  issued  by  Geiniti 

pany  with  Professor  Morris  and  myself.  should  bear  the  title  of  the  *  Fossils  of  the 

i  The  ground   between  Saalfeld   and  Ghrauwacke  Formation,' under  which  name 

Schleitz  is  all  laid  down  in  the  geological  he  groups  together  a  vast  series,  including 

maps  of  Saxony  under  one  colour,  or  as  Silurian,  Devonian,  and  eren  Oarbonife- 

older  «*  grauwacke" ;  whereas  a  very  hirge  rous  rocks. 
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of  the  Steinach  riyer,  north  of  Koppelsdoif.  As  th^  offer  a  good  line 
of  geological  demarcation,  I  strongly  urged  M.  Gredner  to  distinguish 
this  ''  Jungste  Grrauwacke  '*  of  my  German  friends  from  all  its  older 
associates  which  bear  that  unmeaning  family  name.  It  will,  of  course, 
require  much  accuracy  of  local  obseryation  to  draw  the  line  between 
the  plant-bearing  rocks  of  Deyonian  and  those  of  Carboniferous  age* ; 
or  rather,  it  will  best  become  the  progressiye  state  of  science,  not  to 
attempt  to  mark  any  definite  and  rigorous  line  between  them,  but  to 
shade  off  on  a  map  the  colour  of  one  rock  into  that  of  another ;  thus 
imitating  the  succession  of  nature,  in  which  there  can  be  no  error  t- 

Such  is  an  outline  of  the  paleozoic  succession  of  the  last^men- 
tioned  diversified  region  of  Central  Germany^  the  complete  elabo- 
ration of  which  calls  for  the  full  employment  of  the  able  men 
who  are  occupied  in  working  out  its  highly  interesting  features. 
A  slight  allusion  only  has  been  made  to  the  south-eastern  flank 
of  the  great  undulating  trough  of  Plauen^  Schleitz^  and  Hof ;  for^ 
although  Naumann  and  his  associates  have  shown  in  their  maps, 
that  older  and  more  crystalline  rocks  appear,  we  have  yet  to  learn 
how  much  of  their  primary  day-slate^  or  ^'thon-schiefer,''  is  to  be 
abstracted  from  the  unfossiliferous  rocks,  and  grouped  with  the 
lower  members  of  the  series  we  have  been  considering  {.     Other 

*  After  the  fint  edition  was  published,  speoiBl  treadse  to  derelope  the  featoies  of 

M.  Credner  completed  his  map  of  the  trie  Permian  group  with  its  reUtiona  to 

Southern Thuringerwald,  and  separated  the  the  coal  beneath,  and  to  the  lower  Sunter 

older  from  the  younger  "  grauwaoke"  ;  but  Sandstein  above  it. 

be  has  not  divided  Sie  latter  into  "  Upper  The  general  relations  of  these  overljing 

Devonian*'  and  **  Lower  Carboniferous/'  deposits  to  the  so-called  "grauwacke"  rocu 

according  to  the  new  classification  which  of  the  Thuringian  mountains,  are  seen 

I  have  endeavoured  to  introduce.  in  the  southern  sheet  of  the  geolosical 

t  At  the  southern  end  of  the  Thiirin-  map  of  the  ThQringerwald  hj  M.  Greimer. 
gerwald,  Professor  Morris  and  myself  par-  In  classifying  the  igneous  rocks  of  the 
tiaUy  examined,  in  company  with  M.  Thuringerwald,  M.  Credner  believes  that 
Buttner  of  Kronach,  a  zone  of  ooal-mea-  the  granites,  with  hypersthene  rocks,  &c., 
sures  containing  some  irreeular  seams  of  have  caused  the  great  metamorphism  of 
eoal,  and  exhibiting  a  rich  lossil  flora.  It  those  strata,  whic^  in  Southern  Thuringia, 
flanks  the  loftier  so-called  '*grauwacke"  I  have  described  as  Lower  Silurian,  &c, 
chain  of  the  Thuringerwald  (Kfippelsdorf^  but  which,  in  the  northern  purts  of  the 
Ac.),  and  is  interposed  between  it  and  forest  where  granite  abounds,  become  mica 
the  Both-Iiagende.  This  coal  formation  schists,  &o.  The  greenstones  and  amye- 
rises  out  from  beneath  a  vast  mass  of  daloids  of  the  tract  are  associated,  accord* 
inclined  beds  of  Both-liegende,  not  less  ing  to  Credner,  with  carboniferous  rocks ; 
than  from  1500  to  2000  feet  thick  (Stock-  and  the  two  porphyries  of  the  region,  the 
heim,  Keuhaus,  &o.).  As  the  coal  and  one  containing  quartz,  and  the  other  being 
Both-liegende  are  there,  as  in  Gk)tha,  fol-  without  it,  are  connected  by  that  good  prao- 
lowed  by  copper  slate,  sechstein,  and  a  very  tical  observer  with  the  period  of  the  Both- 
full  development  of  the  Bunter  Sand-  lieprende ;  the  former,  which  is  the  older, 
stein  (which  at  Kronach  occupies  noble  beinff  traversed  by  the  ^quar^'freier" 
escarpments,  and  is  manifestly  divided  into  porphyry. 

a  whitish  lower,  and  a  red  upper  sand-  %  ^  travelling  from  Plauen  to  Franz- 
stone),  this  district  is  well  worthy  of  a  enbad,  it  seemed  to  me  impracticable  to 
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inquiren  may  seek  to  ascertaiii  to  what  extent  many  of  these 
ancient  schists  and  slates^  evidently  of  sedimentary  origin,  have 
been  converted  into  mica  schists,  and  even  into  the  metalliferous 
so-called  '^gneiss/'  amid  which  the  illnstrions  Werner  himself  taught 
his  lessons  at  Freiberg. 

It  would  seem  presumptuous  that  a  passing  geologist  should 
here  hazard  an  opinion  antagonistic  to  long-received  ideas.  Still  I 
venture  to  state,  that  much  of  the  so-called  primitive  gneiss  in  the 
plateaux  around  Freiberg  is  of  a  very  different  age  to  the  most 
ancient  gneiss  of  Scotland  and  Scandinavia.  I  would  indeed  sug- 
gest, that  those  portions  of  it  which  are  separated  by  way-boards, 
and  exhibit  several  of  the  features  of  bedding  and  jointing  of 
aqueous  deposits,  wiU,  like  the  quartz  rocks  and  mica  schists  of  the 
north-western  region  of  Scotland  (p.  196),  prove  to  be  of  no  higher 
antiquity  than  the  lower  members  of  the  sedimentary  formations 
under  review. 

In  the  mean  time,  if  we  reason  upon  the  fact,  that  this  region 
contains  no  Upper  Silurian  rocks  (abstracting  from  that  category 
certain  graptolite  schists,  which  may  be  considered  their  base),  we 
may  surmise  that  it  was  raised  above  the  waters,  and  constituted 
dry  land  during  a  long  period,  and  was  afterwards  depressed  to 
great  depths,  to  receive  accumulations  of  the  Devonian  era,  at  a 
period  when,  and  in  localities  where,  the  bottom  of  the  sea  was 
powerfully  agitated  by  volcanic  action. 

This  coimtry  also  contains  dear  evidences  of  a  phenomenon  to 
which  Professor  Sedgwick  and  myself  called  attention  in  1839,  viz. 
that  whilst  the  older  ^'  grauwacke,*'  now  known  to  be  Lower  Silu- 
rian, as  well  as  the  Devonian  and  Lower  Carboniferous  series,  have 
partaken  of  the  same  movements  of  elevation,  contortion,  and  dis- 
location, all  these  rocks  have  been  abruptly  separated  fix)m  the 
upper  coal-fields. 

This  great  physical  rupture,  which  pervaded  Germany  and  France, 
and  has  been  duly  noticed  by  M.  Elie  de  Beaumont,  has,  however, 
its  well-defined  limits  even  in  Europe ;  for,  grand  as  it  may  be,  the 

separate  geologiciBkllj  and  phjsioally  the  joints,  and  cleavage ;  the  latter  plun^^ng 

**  thon-Bcmefer  "  or  glossy  shUlat  of  that  to  the  north-weet.    The  discoYenr  of  Sila- 

district  firom   the  contiguous    graptolite  rian  fossils  in  the  "  grejwacke,"  which  rises 

schist  of  Flauen.     In  fact,  the  rocks  on  into  the  hills  on  the  flanks  of  the  Erz- 

either  bank  of  the  Elster  are  mineralo-  gebiree,  would  remoye  all  doubt  as  to  the 

gically  the  same,  and  have  similar  bedding,  age  of  the  *'  thon-schiefer." 
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phenomenon  is  local  only^  and  has  not  extended  to  Russia  on  the 
east^  or  Britain  on  the  west. 

The  reader  must  also  be  reminded^  that  the  region  of  Central 
Germany,  which  has  been  most  adverted  to,  exhibits  clearly  the 
intimate  dependence  of  physical  outline  on  eruptive  igneous  agency. 
In  the  Thiiringerwald,  and,  as  will  presently  be  shown,  in  the  Harz, 
all  these  older  rocks,  terminating  with  the  Lower  Carboniferous 
strata,  which  have  the  original  impress  of  a  strike  fix>m  N.E.  to 
S.W.,  were  so  affected  by  the  grand  eruptions  of  porphyry  and  other 
igneous  masses  which  prevailed  in  the  earlier  part  of  the  Permian 
era,  that  both  chains  then  acquired  directions  at  right  angles  to 
the  original  strike  of  their  oldest  strata. 
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CHAPTER  XVI. 

PALEOZOIC  BOCKS  OP  THE  HARZ,  THE  BHENISH  PBOVINCES  OP 
PBUSSIA,  AND  BELGIUM. 

UFFSS  BTLTTBlAXr,  DSYOlTIAir,  AKB  OASBONIFEBOTJS  SOCKS  07  THE  HABZ. — ^DBTOKIAIT 
Aim  CASBONIFEBOU8  SOCKS  OP  THB  SHIini  AlTD  ITS  APPLUSNTB. — DXYONIAK 
AND  CABBOinPXSOTJS  DBP06ITB  OP  WESTPHALIA  AlTD  BELaiUM. 

In  advancing  westwards  from  Central  Grermany  by  the  Harz^  to  the 
Rhenish  provinces  of  Prussia^  the  geologist  loses  all  traces  of  the 
Lower  Silurian  rocks  of  Bohemia^  Saxony^  and  the  Thiiringerwald^ 
whilst^  with  some  Upper  Silurian^  the  Devonian  and  Carboniferous 
deposits  become  vastly  more  expanded.  Yet^  with  this  absence  of 
the  oldest  fossiliferous  strata^  the  regions  under  consideration  pre- 
sent as  venerable  an  exterior^  and  contain  rocks  possessing  quite  as 
crystalline  a  structure^  as  those  of  which  we  have  just  taken  leave.  . 
For^  if  we  first  glance  at  the  range  of  the  Harz^ — ^that  shrine  at 
which  many  poets  have  worshipped  Nature  in  her  wondrous  freaks^ 
and  where  the  German  geologist  long  regarded  his  old  '^Orauwacke^' 
as  a  mass^  the  order  and  age  of  which  could  never  be  defined^ — ^its 
chief  portions  were  first  ascertained  by  Sedgwick  and  myself  f  to 
be  of  no  more  remote  antiquity  than  the  Devonian  era. 

The  giant  Brocken  itself^  sanctified  by  many  an  ancient  legend^ 
is  a  mere  upstart^  compared  with  the  surrounding  eruptive  masses^ 

*  I  first  Tisited  the  Han  in  1880,  and  waflml854,whenProf.MonnBwaflmyoom- 
secondly  in  1889,^n  both  occasions  in  panion  (see  Quart.  Joum.  Qeol.  Soa  Lond. 
company  with  Prof.  Sedgwick,  and  the  toL  xL  p.  409)  j  and  my  last  excursion  to 
general  order  of  the  chain,  which  we  ^nb-  the  same  tract  was  in  1857,  accompanied 
ashed  in  1839,  has  proved  substantially  by  Mr.  Rupert  Jones.  On  my  own  part 
correct^ — subject,  always,  to  tliat  reformed  I  am  bound  to  state,  that  the  doubt  ex- 
interpretation  of  the  exact  relative  value  of  pressed  in  a  note,  p.  362,  of  the  first  edi- 
the  various  sedimentary  rocks  which  is  now  tion  of  this  work,  concerning  the  existence 
applied  to  this  tract  and  the  Bhemsh  pro-  of  Upper  Silurian  rocks  in  the  Harz,  has 
vmces.  In  referring  to  that  instructive  now  been  removed,  and  that  in  any  fresh 
work,thePalffiontographioaofDunkerand  issue  of  the  G^logical  Map  of  Europe, 
Hermann  von  Meyer,  the  reader,  in  ob-  I  will  endeavour  to  represent  the  existence 
taining  much  information  respecting  the  in  a  rude  manner  (if  the  small  scale  admit 
fossils  of  the  Harz,  as  described  by  M.  of  it)  of  Silurian,  as  weU  as  of  Devonian 
Adolf  Boemer,  will  perceive,  at  p.  71,  Band  and  Carboniferous  rocks  in  the  Harz. 
2.  lief.  2,  how  inverted  and  confused  the  t  See  Trans.  Geol.  Soc.  Lond.  new  ser. 
order  of  succession  appears.  My  next  visit  voL  vi.  p.  283,  &c. 
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which  disturbed  the  bottom  of  the  primeval  sea.  That  mountain 
is  composed  of  two  kinds  of  granite^  which^  having  burst  for£h 
long  after  the  slaty  rocks  of  carboniferous  age  had  been  accumu- 
lated^ has  through  ages  of  decomposition  been  arranged  into  those 
chaotic  piles  or  ^'felsen-meere^^'  so  graphically  described  by  Leopold 
von  Buch.  Again^  subsequent  outbursts  of  porphyry^  during  the 
accumulation  of  the  Permian  deposits^  were  also  manifestations  of 
the  subterranean  forces  which  produced  the  last  great  elevation  of 
the  Harz^  and  gave  to  the  chain  as  well  as  the  surrounding  second- 
ary formations  their  present  outUne.  For^  unlike  the  prevalent 
north-east  and  south-west  alinement  of  the  older  rocks  in  most 
parts  of  Europe^  the  gec^praphical  direction  of  the  Harz  is  from 
north-west  to  south-east ;  and  thus^  like  that  of  the  Thiiringerwald^ 
as  before  noticed^  its  appearance  upon  a  map  is  not  derived  from  its 
ancient  mineral  nucleus,  but  from  the  unconformable  and  enveloping 
younger  strata. 

Just  as  many  of  the  slaty  fossiliferous  rocks  and  limestones  of 
the  Harz  are  known  to  be  of  the  same  age  as  those  of  Devonshire 
(the  Cocoosteua  of  the  Scottish  Old  Red  having  been  found  asso- 
ciated therewith),  so  another  suggestion  "^  of  my  colleague  and 
myself  has  been  verified,  and  the  eastern  rocks  of  these  hills  are 
now  proved  to  be  of  older  date.  In  the  tracts  around  Harzgerode, 
and  in  spots  near  Ilsenburg,  as  well  as  in  the  Lauther-thal  in  the 
Western  Harz,  fossils  have  been  found  by  M.  Bischof,  M.  Jasche, 
and  M.  Adolf  Boemer,  which  leave  no  doubt  that  these  districts  are 
occupied  by  Upper  Silurian  rocks.  For,  although  the  fossils  of  these 
tracts  are  nearly  all  of  species  unknown  in  Britain,  they  belong,  as 
a  whole,  to  Barrande^s  uppermost  Silurian  zone  of  Bohemia. 

Having  elsewhere  shown  f  the  general  relations  of  the  strata  which  I 
considered  to  be  of  Upper  Silurian  age  in  the  Eastern  Harz,  I  would 
only  add,  that  on  revisiting  that  tract  last  summer,  accompanied  by  Mr. 
Bupert  Jones,  I  was  confirmed  in  the  accuracy  of  the  view.  It  is,  I  re- 
affirm, quite  true,  that  the  schistose  rocks  with  intercalated  fossiliferous 
limestones  near  Magdesprung,  Harzgerode,  and  Alexis  Baden  rise  out 
eonformably  from  beneath  a  vast  thickness  of  superincumbent  strata 
which,  ranging  towards  Blankenrode,  and  dipping  to  the  east,  must  be 
considered  of  Devonian  age. 

*  Trans.  GeoL  Soo.  Lond.  2  aer.  voi  vi.  p.  800. 
t  QiMrt.  Journ.  QeoL  Soc.  Lond.  toL  xi.  p.  481. 
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.  The  fossils  of  these  underlying  rocks,  manj  of  which*  had  been  previously 
figured  by  Ad.  Boemer*,  have  been  recently  well  compared  and  identi- 
fied by  C.  Giebel  of  Halle  f.  Thiey  consist,  according  to  the  latter,  of 
trilobites  of  the  following  eight  genera, — Harpes,  Froetus,  Cyphaspis, 
Phacops,  Dalmannia,  Lichas,  Addaspis,  and  Bronteus.  On  the  whole, 
these  crustaceans,  though  bearing  a  very  close  resemblance  to  those  of 
the  Upper  Silurian  of  Prague,  are  not,  in  the  opinion  of  M.  Giebel,  abso- 
lutely identical.  An  Orthoceras  and  a  Serpulites  are  also  of  new  species. 
The  genus  Capulus  gives  18  species ;  Tentaculites,  2  species ;  Pterinea, 
2  species ;  Lima,  Yenus,  and  Nucula,  each  1  species;  Spirifer, 9  species; 
Atiypa,  2  species ;  Bhynchonella,  8  species,  including  the  well-known 
B.  Wilsoni ;  Pentamerus,  3  species,  including  P.  Elnightii,  Sil.  Syst.,  and 
P.  galeatus,  Dalm.;  Orthis,  8  species ;  Strophomena  depressa,  Dalm.,  and 
another  species;  LeptfBna,5Bpecie8;  Chonetes,! species;  Discina, 3  species. 
The  Orinoids  are,  Actinocrinus  laevis.  Mill.,  and  Bhodocrinus,  sp.  indet. 
The  Zoophytes  are  of  the  genera  Betepons  Aulopora,  Pleurodictyum, 
Palffiocydus,  Cyathophyllum,  Alveolites,  Dania,  Chsetetes,  Beaumontia^ 
with  Graptolithus.  Besides  these  fossils,  three  undescribed  species  of 
fishes  and  three  or  four  spedes  of  plants  are  enumerated,  one  of  which 
is  of  large  size ;  but  whether  these  latter  bodies  are  of  land  or  marine 
origin  has  not  been  determined. 

In  his  conclusion  respecting  the  age  of  the  96  fossils  which  he  specifies, 
M.  Giebel  makes  the  following  classification.  Of  dedded  Devonian 
species,  or  those  known  in  other  places,  there  are  five  species  only,  and 
two  others  which  are  common  to  Silurian  and  Devonian ;  whilst  eighteen 
are  identified  as  Upper  Silurian  types,  chiefiy  those  of  Bohemia.  When 
we  add  to  these  data  the  striking  fact,  that  a  Graptolite  has  been  found 
by  M.  Bischof  in  the  slaty  schists  east  of  Harzgerode,  and  that  M.  Ad. 
Boemer  has  detected  the  Graptolithus  priodon,  Bronn,  with  other 
spedes  of  that  genus  in  the  slaty  schists  of  the  Western  Harz  and  in 
other  parts  t,  there  can  no  longer  be  any  doubt  that,  although  their  limits 
are  still  undefined  on  any  map,  the  Upper  Silurian  rocks  have  a  real  exist- 
ence in  this  chain.  A  large  portion  therefore  of  the  tracts  laid  down 
as  Oulm  in  the  Geological  Map  of  the  Harz  by  M.  Adolf  Boemer,  must, 
as  that  author  has  candidly  stated,  be  changed  to  Silurian,  whilst  other 
parts  of  the  so-called  Culm,  of  which,  however,  there  are  real  representa- 
tives, will  pass  into  the  Devonian  group.  Besides  the  underlying  Upper 
Silurian  rocks,  the  hill  of  the  Bammelsberg  near  Gk>slar  is  known  to  be  of 
the  oldest  Devonian  age  (».  e.  Spirifer-Sandstein),  whilst  the  limestones 
and  iron-ores  around  Elbingerode,  and  certain  masses  in  the  Lauther- 
thal,  at  Abtenau,  &c.,  are  well  proved  by  their  fossils  to  be  of  the  Middle 

*  Dunker  and  you  Meyer,  Palaonto-  {  Ghraptolithen  am  Hane,  von  Prof, 

graph.  Band  2.  Fr.  Ad.  Boemer.  Leonhard  und  Bronn's 

t  Zeitschrift  fitr  die  gesammten  Natur-  Nenes  Jahrboch,  1866,  p.  640,  plate  vii. 
wissenschaften,  Jan.  1868,  no.  1,  Halle» 
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Devonian  or  Eifelian  age*.  These  are  succeeded,  first  by  Upper  Dero- 
nian  and  next  by  slaty  masses,  formerly  included  in  the  "  grauwacke"  of 
the  Grermans,  but  which  Sedgwick  and  myself  first  identified  with  the 
Lower  Carboniferous  of  Britain,  and  notably  with  the  Chdm  fields  of 
Devonshire.  Beferring  to  our  old  memoirf  for  the  establishment  of 
that  identification,  I  may  say  that  many  years  must  still  elapse  before 
the  demarcation  between  these  deposits  can  be  even  approximately 
defined  in  a  region  so  replete  with  disturbances,  and  in  which  fossils 
are  detected  at  wide  intervals  only. 

In  truth,  through  the  combination  of  many  disturbing  causes,  the 
chain  of  the  Harz  has  literally  been  riven  into  detached  fragments,  the 
relative  age  of  which  can  very  rarely  be  proved  by  order  of  superposition, 
and  can  be  interpreted  only  through  a  dose  examination  of  the  organic 
remains  of  each  broken  mass.  In  the  Bhenish  provinces,  on  the  con- 
trary, though  large  portions  of  their  strata  are  infinitely  contorted  and 
broken,  and  sometimes  even  inverted,  the  Northern  or  Westphahan 
frontier  exhibits  a  perfect  and  complete  succession  of  formations  in  their 
normal,  ascending  order.  The  reader's  attention  will  therefore  be  now 
directed  to  that  region. 

Paleozoic  Rocks  of  the  Rhenish  Provinces  of  Prussia  and  ofBeU 
gium. — ^The  convoluted  and  broken  rocks  presenting  such  an  antique 
slaty  aspect,  and  which,  crowned  with  castles,  form  the  chief  fea- 
tures of  the  gorges  of  the  Rhine  and  the  Moselle,  exhibit  nowhere 
any  fossiliferous  band  so  old  as  the  Upper  Silurian  of  the  Harz. 
This  remark  applies  to  all  the  territory  on  the  right  bank  of  the 
Rhine,  from  the  Taunus  mountains  on  the  south-east,  to  the  coal- 
fields east  of  Dusseldorf  on  the  north-west,  and  also  to  a  large  por- 
tion of  Belgium.  This  vast  tract,  of  formerly  undivided  '^  Orau- 
wacke,''  including  the  Duchy  of  Nassau,  and  having  its  northern 
frontier  in  Westphalia,  is  bounded  on  the  east  by  the  secondary 
rocks  of  Hessia,  which  range  southwards  by  Marburg  and  Giessen 
to  Frankfort.  On  the  left  bank  of  the  Rhine,  the  same  upward 
succession  occurs  between  the  Lower  Devonian  rocks  of  the  Hunds- 
riick  on  the  south-east,  and  the  coal  tracts  of  Aix-la-Chapelle  and 
Belgium  on  the  north-west.  It  is  only  by  deflecting  westward  into 
the  mountainous  tract  of  the  Ardennes,  that  we  meet  with  those 
older  slaty  rocks  rising  from  beneath  all  the  other  deposits,  to 
which  allusion  will  presently  be  made. 

Although  this  view  of  the  age  of  the  Rhenish  strata  has  for  some 

*  See  Quart.  Journ.  GeoL  Soo.  Lond.  toI.  xi.  p.  489. 

t  See  Sedgwiok  and  Murchison,  Tran0.  Qeol.  Boo,  Lond.  2  ser.  toI.  yL  p.  28S,  &c.  1889. 
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years  prevailed  among  scientific  men^  it  is  right  to  explain  how  it 
has  happened^  that  English  geologists'^,  who,  in  the  year  1839, 
applied  to  these  Rhenish  rocks  the  classification  thejr  had  worked 
out  in  their  own  country,  and  thus  changed  the  views  of  their  pre- 
cursors, should  in  their  turn  have  seen  reason  to  admit  the  value  of 
certain  important  corrections  made  by  their  successors. 

The  clear  general  views  of  the  Nestor  of  continental  geologists, 
d'Omalius  d'Halloy  f  ,  the  remarkable  work  and  map  of  Dumont,  as  well 
as  the  previous  labours  of  Prussian  geologists,  including  the  maps  of  Leo- 
pold von  Buch,  Hoffmann,  von  Dechen,  and  Oeynhausen,  unquestionably 
led  the  way  in  the  succession  of  efforts  through  which  our  present  know- 
ledge has  been  obtained.  After  the  publication  of  the  above  works, 
Professor  Sedgwick  and  myself  endeavoured  to  show  that,  like  Devon- 
shire and  Cornwall,  the  Hhenish  provinces  contained  a  great  mass  of 
those  strata,  intermediate  between  the  Silurian  and  Carboniferous  de- 
posits, which  we  had  called  Devonian ;  the  equivalent  of  the  Old  Bed 
Sandstone  of  Scotland  and  Herefordshire.  Our  contemporaries  have 
admitted  that,  in  our  excursion  of  one  long  summer  in  Germany,  we 
succeeded  in  proving  the  existence  of  such  an  intermediate  series  in 
Belgium,  Prussia,  Eranconia,  and  the  Harz ;  and  also  in  showing  how,  on 
the  right  bank  of  the  Bhine,  the  uppermost  ^  grauwacke  "  was  divisible 
into  Lower  Carboniferous  and  Upper  Devonian  rocks.  Misled,  how- 
ever, by  our  interpretation  of  some  of  the  lowest  fossils  (for  at  that 
time  the  Lower  Devonian  forms  were  only  partially  known,  and  those 
which  had  been  obtained  were  not  rigidly  examined),  we  adopted  the 
belief,  that  the  inferior  '' fossiliferous  grauwacke,"  or  that  which  has 
since  been  called  the  '*  Spirifer-Sandatein  "  of  the  Bhine,  might  be  an 
equivalent  of  the  uppermost  Silurian.  I  have,  however,  been  long  con- 
vinced, through  the  paleontological  labours  of  Ferdinand  Boemer  and  the 
brothers  Sandberger,  that  the  types  of  the  lower  Bhenish  subdivision 
are  quite  distinct  from  those  of  the  Ludlow  Bock,  and  even  of  the  Tile- 
stones,  and  are  in  perfect  harmony  with  the  lowest  Devonian  group  of 
various  countries.  Li  admitting  this  amount  of  former  misapprehension, 
let  me  say,  however,  that  the  sections  of  Sedgwick  and  myself,  repre- 
senting the  succession  of  the  mineral  masses,  have  proved  to  be  correct. 
Li  the  superior  portions  of  the  group,  however,  now  recognized  as  Devo- 
nian, the  geologists  and  paleontologists  of  Prussia,  Nassau,  and  Belgium 
have  made  subdivisions,  both  mineralogical  and  zoological,  which  it  is 
essential  to  notice. 

*  See  Sedgwick  and  Murohison,  Trans.  Geol.  Soc.  Lond.  vol.  yi.  p.  211. 
t  See  the  Geological  Map  of  France  and  Belgium  prepared  by  M.  d'Omaliiis  d'Halloj 
in  the  time  of  the  first  Napoleon. 
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In  two  recent  visits  to  our  old  ground,  it  is  satisfactory  to  have  ascer- 
tained that  a]l  the  knowledge  acquired  since  1889,  when  the  first  survey 
was  made,  has  but  confirmed  and  completed  that  identification  of  the 
rocks  of  the  Bhenish  provinces  with  those  of  Devonshire,  which  was 
then  proposed  bj  mj  colleague  and  mjself.  For,  it  now  appears  that 
not  some  onlj,  as  we  thought,  but  all  the  paleozoic  strata  of  Devon 
have  their  equivalents  on  the  banks  of  the  Bhine  and  in  Belgium.  So 
that,  in  starting  firom  the  North  Eoreland  of  the  Bristol  Chamiel,  and 
ascending  into  the  heart  of  the  culm-  or  coal-fields  of  Devon,  as  described 
p.  294,  the  geologist  has  reallj  before  him  the  successive  representatives 
of  the  several  Bhenish  and  Belgian  deposits. 

The  reader  who  may  refer  back  to  the  sixth  volume  of  the  '  Trans. 
Oeol.  Soc.  Lond.,'  p.  252,  will,  therefore,  understand  that  all  the  Ehenish 
ground  which  is  described  or  coloured  in  the  map  and  sections  as  Upper 
Silurian,  has  been  long  since  classed  with  the  Devonian  rocks.  In 
their  admirable  descriptions  of  the  Devonian  fossils,  MM.  d'Archiac 
and  de  Yemeuil  have  but  to  add  the  one  plate  of  the  so-called  Silu- 
rian fossils  to  their  thirteen  plates  of  true  Devonian  types,  and  all  the 
general  features  of  our  labours  are  in  agreement  with  subsequent  ob- 
servations. 

In  truth,  if  the  field  geologist  makes  his  survey  faithfuUy,  and  esta- 
blishes a  correct  order  of  superposition,  his  physical  facts  will  always 
be  found  to  coincide  with  the  zoological  evidence.  Of  this  the  Bhenish 
provinces  and  Belgium  have  afforded  the  best  illustrations;  for,  not- 
withstanding the  opinion  of  my  distinguished  contemporary,  M.  Du- 
mont,  who  has  too  much  undervalued  fossil  evidence,  it  is  essentially 
the  study  of  organic  remains  which  has  led  to  the  dear  subdivision  of 
the  vast  mass  of  older  rocks,  which  were  there  formerly  merged  under 
the  term  ''Grauwacke."  The  authority  of  M.  de  Koninck  will  in  the 
sequel  be  cited  in  support  of  views  similar  to  my  own. 

Ajscending  Series  in  the  Bhenish  Provincee  and  Belgium. — The  skty 
masses  of  the  Ardennes,  or  the  oldest  rocks  of  the  region  ("  Terrain 
Ardennais  "  of  Dumont),  may  probably  be  considered  Lower  Silurian ; 
for,  though  their  fossils  are  very  rare  and  obscure,  they  are  unconformably 
surmounted  by  the  lowest  Devonian  strata ;  thus  leaving  no  place  for 
the  Upper  Silurian  rocks. 

M.  H^rt*  has  indeed  shown,  that  certain  fossils  of  the  rocks  (for 
the  most  part  very  imperfect),  in  which  I  formerly  observed  Homalonoti 
and  traces  of  shells,  then  thought  to  be  Silurian,  are  similar  to  those  of 
Nehou  in  Normandy,  and  hence  that  the  beds  which  immediately  cover 
the  fossil-bearing  slates  of  the  Ardennes  are  really  the  base  of  all  the 
Devonian  rocks.  This  conclusion  is  in  unison  with  the  belief  expressed 
to  me  by  my  distinguished  friend  H.  von  Dechen,  so  competent  a  judge 
•  See  Bull.  Soc.  Ok\.  de  France,  deux.  sAr.  vol.  xii.  p.  1165. 


Digitized  by  VjOOQIC 


Chap,  y\n[.]      LOWEB  DBVONUN— EHENISH  PRUSSIA.  419 

of  the  relatire  age  of  all  the  rock-maisaes  of  this  region,  and,  as  will 
presently  be  seen,  is  amply  sustained  by  M.  de  Koninck. 

Neither  in  the  gorges  of  the  Bhine  between  Bingen  and  the  mouth  of 
the  Lahn,  where  the  rocks  have  been  highly  contorted  and  much  sub- 
jected to  a  crystalline  slaty  cleavage,  nor  in  the  quartzose  ranges  of 
the  Taunus  and  the  Hundsruck,  has  any  one  been  able  to  detect  true 
Silurian  fossils.  On  the  contrary,  the  recent  identification  of  the  lime- 
stone of  Stromberg  on  the  south  edge  of  the  Hundsruck  with  the  Eifel 
limestone*,  and  the  discovery  by  Fridolin  Sandberger  of  certain  fossils 
(by  no  means  lowest  Devonian  species)  along  the  northern  edges  of  the 
Taunus,  have  substantiated  the  views  originally  embraced  by  Professor 
Sedgwick  and  myself.  Commencing  our  inquiry,  however,  where  the 
order  of  superposition,  aided  by  paleontology,  diffuses  a  clear  light,  we 
find  in  the  Bhenish  countries  the  following  ascending  series  of  the  De- 
vonian rocks  properly  so  called : — 

IdAoer  Devonittn  or  *'  S^nrifer-Saiukteiny"  and  Wusenbaeh  SlateSf  ^  —  Slaty 
schists,  with  interpolated  sandstoneB  and  quartzoee  rocks,  with  a  rare  trace  of 
impure  limestone,  rise  up  in  numerous  folds  from  beneath  all  the  adjacent  strata 
in  the  gorge  of  the  Rhine  between  Coblentz  and  Caub.  This  is  the  '^  Aeltere 
Rheinische  Grauwacke  "  of  F.  Roemer,  or  the  ''  Spirifer-Sandstein  "  of  Sand- 
berger. This  mass  being  on  the  whole  very  schistose,  and  having  a  very  pro- 
nounced transverse  slaty  cleavage,  the  true  undulations  of  the  beds  can  be 
recognized  by  practical  geologists  only ;  still  the  distinction  between  cleavage 
and  stratification  is  clearly  to  be  seen. 

These  rocks  contain  many  remarkable  fossils ;  among  which  may  be  noticed 
the  large  and  broad-winged  Spirifers — S.  macroptema  and  S.  speciosus,  Tere- 
bratula  Archiaci,  many  species  of  Pterinea,  some  Orthides,  especially  O.  cir-^ 
cularis,  Leptssna  plicata,  Chonetes  semiradiata,  Sow.  (C.  sarcinulata,  Schloth.?), 
Pleurodictyum  problematicum,  Phacops  (Gryphsus)  ladniatus,  Ph.  latifirons, 
and  both  smooth  and  spinose  species  of  Homalonotus, — H.  Ahrendi  and  H, 
armatus,  &c.t 

According  to  the  Prossian  geologists,  the  thin  band  of  the  Wissenbach  slates, 
with  its  numerous  small  pyritized  ortiioceratites  and  goniatites  (the  chief  of 
which  are  Orthoceras  (Bactritee)  gracile  and  Gkiniatites  compressus),  overlies 
the  Spirifer  Sandstone.  In  admitting  that  the  &ana  of  this  slaty  band  is  rather 
peculiar,  MM.  Sandberger  affirm,  that  it  contains  from  eight  to  ten  species  like 
those  of  the  Spirifer  Sandstone;  among  which  are  Nucula  solenoidee,  Goldf., 
Phacops  laciniatus,  Roem.,  and  P.  brevicauda^  Sandb.  Thus,  by  means  of  their 
imbedded  organic  remains,  a  natural  union  subsists  between  these  two  rocksj 
which,  in  the  Rhine  country,  constitute  the  Lower  Devonian  t. 

•  MM.  F.  Boem«r  and  Fridolin  Sand-  (M.  Sandberger  in  Neues  Jahrb.  1862, 

berger  agree  in  thii  opinion.  P.  681 ;  and  Mesfra.  Sharpe  and  Salter  in 

t  The  Homalonotna    Herschdii,  *Sil.  Trans.  GeoL  Soo.  2  ser.  vol.  vii.  p.  204.) 
Syst.,'  a  fossa  formerly  eent  tome  fipom  the.       J  In  the  Oaub  slates,  which  are  inter- 

dme  of  Good  Hope  by  Sir  John  Herschel,  caLated  in  the  sandstones  of  the  lower  di- 

andall  the  spinose  forms  of  this  genus,  vision,  the  MM.  Sandberger  have  found 

are  now  beUered  to  bdong  to  Lower  De-  Phaoops  ladniatos,  with  P.  latifrons,  Ho- 

vonian,  and  not  to  Upper  Silurian  rocks,  malonotus  planus,  and  some  Orthooeiatites. 
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This  Lower  Devonian  mass — at  least,  all  that  portion  of  it  which  is  charac- 
terized by  broad-winged  Spirifers — ^was  long  ago  recognized*  as  extending 
largely  over  the  Prussian  provinces  on  the  left  bank  of  the  Rhine,  which  are 
watered  by  the  Moselle,  the  Lieser,  and  the  Ahr.  This  Spirifer  Sandstone, 
spreading  over  large  tracts  east  and  west  of  Coblentz,  comprises  both  the  Sy- 
st^me  Coblentzien  and  Syst^me  Ahrien  of  Dumont ;  for  the  very  same  fossils 
pervade  both  these  districts,  watered  by  the  Rhine  'and  the  Ahr,  and  the  dis- 
tinction attempted  to  be  drawn  by  the  eminent  Belgian  geologist  was  founded 
on  mineral  distinctions  only. 

Middle  Devonian  of  the  Ithine — (Eifel  Limestone  and  younger  Rhenish  Gran- 
wacke  of  Ferd.  Roemer,— Lenne  Schiefer  of  von  Dechen). — ^The  strata  which 
succeed  to  the  Lower  Devonian  on  the  right  bank  of  the  Rhine,  consist,  like  the 
previous  beds,  of  schists  and  sandstones,  but  lenticular-shaped  glasses  of  lime- 
stone prevail  at  intervals.  They  there  occupy  a  wide  tract  which  is  watered  by  the 
rivers  Agger,  Vohne,  and  Lenne.  The  Lenne  schists  of  Dechen,  as  laid  down  in 
the  splendid  and  highly  illustrated  new  geological  map  of  the  Rhenish  provinces, 
occupy  a  broad  tract  of  country,  particularly  on  the  right  bank  of  the  Rhine. 
After  various  undulations,  and  with  many  associated  bosses  of  erupted  igneous 
rocks,  these  strata,  which  are  charged  with  much  iron  ore,  plunge  on  the  right  bank 
of  the  Rhine  under  the  great  band  of  limestone  which,  ranging  by  Elberfeldt  and 
Schwelm  to  Iserlohn,  and  appearing  also  at  Paffirath  and  Refrath  near  Cologne, 
is  the  well-known  equivalent  of  the  chief  or  upper  band  of  the  Eifel  limestone. 
A  laborious  examination  of  the  country,  executed  by  M.  Ferd.  Roemer, 
led,  however,  to  the  separation  of  these  strata  from  the  lower  division  or  the 
<<Spirifer-Sandstein,"  and  has  shown  that  they  are  united  with  the  8tringo- 
cephalus  or  Upper  Eifel  limestone  which  covers  them.  It  has,  in  short,  been 
found,  that,  whilst  they  contain  few  species  in  conmion  with  the  underiying 
rocks,  they  are  laden  with  fossils  of  the  superior  limestone.  Hence,  the 
Prussian  geologists,  von  Dechen,  F.  Roemer,  and  Girard,  have  for  some  time 
been  delineating  these  strata  separately  on  an  exquisitely  finished  geological 
map  of  the  Rhenish  provinces  of  Prussia,  the  result  of  infinite  research,  and 
.they  apply  to  these  rocks  the  name  of  ''Agger  and  Lenne  group  f/'  This  sub- 
division  is  another  of  the  many  proo&  which  patient  inquiry  has  brought  forth 
to  demonstrate,  that  it  is  not  possible  to  form  correct  geological  groups  by 
appealing  to  mineral  characters  and  superposition  only;  for  these  were  the 
grounds  on  which  the  strata  in  question  were  closely  united  by  my  colleague 
and  myself  vtrith  the  greywacke  of  Ems  and  Coblentz. 

It  is  now  known  that  the  *'  Agger  and  Lenne  "  group  is  identical  vtrith  those 
more  schistose  courses  on  the  left  bank  of  the  Rhine,  which,  chiefly  underlying 
the  Upper  Eifel  limestone,  are  known  as  the  ''  Calceola-Schiefer."  There,  they 
are  characterized  by  the  presence  of  the  Caloeola  sandalina,  Cryph»ua  (or 
Pleuracanthus)  punctatus,  Crypheeus  stellifer,  Spirifer  cultrijugatiis,  S.  spe- 

*  Trans.  GeoL  Soc.  2  ser.  vol.  vL  p.  280.  to  the  Director  of  the  Surraj,  my  eminent 

t  This  beautiful  Map,  which,  when  oom-  and  valued  friend,  H.  von  Dechen,  and 

plflted,  will  oonsiit  of  80  large  sheets,  hie  associates,  is  a  proof  of  the  enlightened 

*  Gkognoet.  Karte  der  Bhein-provinz  nnd  encouragement  of  geoloeioal  iciaice  liytlie 

Westphalen,*  is  one  of  the  noblest  memo-  Prussian  Government.  In  the  first  edution 

rials  of  the  school  of  Leopold  von  Buch,  of  tlus  work  it  was  stated  that  a  portion 

the  great  geological  oarU^ropher  of  the  of  the  map  had  been  executed  by  Dr.  Gi« 

period ;  and  wmbt  it  does  infinite  honour  rard,  now  Professor  at  Halle. 
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ciosnsy  S.  heterodytuB,  and  manj  other  fossUs  which  are  common  both  in 
the  Eifel  countiy  and  in  some  of  the  limestones  of  South  Devon.  In  foUow- 
ing  these  formations  into  Belgium,  a  similar  order  of  superposition  is  found  to 
preyaiL 

CkUfEifd  Limestone, — ^This  is  the  great  central  calcareous  mass  which  gives 
to  the  Devonian  rocks  their  dominant  and  independent  characters ;  for,  whilst 
the  Lower  Devonian  of  the  Rhine  exhibits,  in  some  of  its  forms,  analogies  only 
to  the  Upper  Silurian  type,  the  limestone  to  which  we  have  now  ascended,  and 
the  i^proach  to  which  is  clearly  indicated  by  the  fossils  in  the  preceding  strata, 
contains  a  fiiuna  which  is  unmistakeably  peculiar,  and  tohoUy  unUke  that  of  the 
Silurian  below  or  the  Carboniferous  above  it.  One  of  the  most  striking  Rhenish 
types  of  this  rock  is  the  Stringocephalus  Burtini,  which  is  mainly  characteristic 
of  that  which  is  now  considered  the  uppeimost  band,  as  at  Paffirath  and  Refrath 
on  the  right  bank  of  the  Rhine.  The  other  prevailing  fossils  are,  Uncites  gry- 
phus,  Davidaonia  Vemeuilii,  Spirifer  undiferus  and  S.  l»vicosta,  Megalodon 
cucullatus,  Lucina  proavia,  Murchisonia  bilineata,  and  the  corals,  Cyathophyl- 
lum  cttspitosum,  Favosites  polymorphus,  Heliolites  pyriformis,  &c. 

Laden  with  a  profusion  of  corals,  crinoids,  and  other  fossils,  many  of  which 
have  been  made  known  through  the  beautiful  works  of  Goldfuss,  it  is  unneces- 
sary here  to  dilate  further  on  the  numerous  organic  remains  of  this  rock,  very 
many  of  which  are  common,  as  before  said,  in  Devonshire.  It  may,  however, 
be  stated,  that  in  the  Eifel  countiy,  as  well  as  in  the  Harz,  the  Coccosteua  and 
other  tehthyoUteB  have  been  detected,  which,  as  in  Russia  (see  p.  381),  serve  to 
identify  the  rock  as  an  equivalent  of  the  central  mernber  of  the  Old  Red  Sandstone 
of  Britain,  Among  the  organic  remains  are  likewise  several  types,  which  con- 
nect this  band  with  the  subjacent  strata  of  Spirifer  Sandstone,  such  as  Phacops 
latifirons,  Bronn,  and  Cryphssus  punctatus,  Steininger ;  with  Spirifer  speciosus, 
Schloth.,  S.  cultrijugatus,  Roem.,  &c.* 

Upper  Devonian  of  the  Rhine — (Clymenia  and  Gt)niatite  Limestone,  von  Buch 
and  Munster;  Cypridina-Schiefer,  Sandb. ;  Kramenzel-Stein  and  Flinz  with 
Spirifer- Vemeuilii-Schiefer,  &c.,  von  Dechen). — ^Although  we  observed  and 
noted,  that  the  chief  masses  of  the  Devonian  limestone  in  the  Rhenish  provinces 
were  frequently  followed  by  other  courses  of  impure  limestone,  my  colleague 
and  myself  did  not  propose  that  separation  which  has  already  been  adverted 
to  as  existing  in  Devonshire  between  the  lower  (or  Stringocephalus)  limestone 
of  Plymouth  and  the  superior  or  Clymenia  limestone  of  Petherwin.  The  re- 
searches of  the  able  paleontologists  of  the  Rhine,  to  whom  allusion  has  already 
been  made,  and  those  of  M.  de  Koninck  in  Belgium,  have,  however,  led  to  a 
separation  which  more  clearly  identifies  the  succession  of  rocks  in  these  foreign 
tracts  with  that  in  Devonshire.  M.  Adolf  Roemer,  for  example,  divides  this 
upper  group  into  the  following  ascending  series : — 1.  Receptaculite  schists,  so 
called  because  they  are  charged  with  the  Receptaculites  Neptnni,  Defrance; 
2.  Lameetone  characterized  by  Goniatites  auris,  and  other  species ;  S.  Schists 
with  many  Ooniatites,  Clymeniao,  and  Cypridinae ;  4.  and  lastiy,  Schists  con- 

*  See  the  oomparatiye  table  of  Adolf  Bteinemng.  Bhein.  SchichtensyBt.  Nassau, 

Boemer,  6koL  l&imtn.  Nordw.    Han-  1860 ;  and  Frid.  Sandbemr,  QeoL  Ver- 

gebiiges;   Dunker  and  von  Meyer's  Pa-  haltn.  Nassau  (with  map).    Wiesbaden, 

teontographica,  3  Band,  p.  1, 1850 ;  also  1847,  &c.  These  works  of  MM.  Sandberger 

the  memoirs  of  MM.  Sandberger,  Ver-  are  fall  of  accurate  detail. 
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taining  Rhynchonella  cuboides  and  PtoductuB  subaculeatus, — beds  which  are 
paralleled  by  that  author  with  the  Upper  Deyonian  strata  of  North  Devon. 
Looking,  however,  at  this  Upper  Devonian  division  in  a  broad  point  of  view,  as 
it  generally  appears  in  Q^rmany,  it  seems  to  me  to  be  more  frequently  cha- 
racterized by  the  small  cnistaeean  Cypridina  serratoHstriata,  than  by  any  other 
fossil.  Where  the  calcareous  courses  thin  out^  and  ClymeniiB  and  OoniatiteSy 
or  other  characteristic  shells,  are  not  persistent,  still  the  minute  crustacean  is 
almost  everywhere  present,  often  ranging  through  a  considerable  succession  of 
beds,  and  giving  to  them  their  prevailing  zoological  character.  In  each  countzy, 
however,  through  which  this  division  ranges,  it  exhibits  some  peculiar  features, 
though  in  most  tracts  it  is  chiefly  marked  by  containing  Cypridins,  Cly- 
meniffi,  and  certain  Qoniatites.  The  name,  therefore,  of  **  Cypridina-ScfaieiBir," 
adopted  by  MM.  Sandberger,  who  have  described  so  many  of  the  organic  remama 
of  this  remarkable  band  of  rocks,  is,  I  repeal^  highly  characteristic  of  it  as  a 
whole. 

In  Nassau,  where  the  upper  limestone  is,  in  some  places  (as  near  Weilbuig), 
very  little  removed  from  the  lower  or  massive  Eifel  limestone,  it  has  only  to  be 
followed  a  short  distance  eastwards,  to  be  seen  divided  from  its  neighbour  by 
copious  strata  of  the  plutonic  rock  called  '^  Schaalstein,"  which  was  formed 
out  of  submarine  volcanic  ejections. 

But  it  is  along  the  northern  frontier  of  Westphalia,  where  all  the  Devonian 
rocks  subside  conformably  beneath  the  overlying  carboniferous  deposits,  that 
they  assume  an  importance,  which  can  be  well  understood  only  by  inspecting 
the  remarkable  Prussian  map,  before  spoken  of.  There,  as  is  well  seen  in  the 
cuttingB  of  theBergisch-Meigisch  railroad,  the  group  above  the  Stringocephalus 
limestone  exhibits,  first,  slaty  schists  with  some  thin  layers  of  grey  and  black 
limestone  containing  Gbniatites  retrorsus ;  strata  which  at  Nuttlar  attain  the 
great  thickness  of  1000  feet  Q'  flinz  "  of  von  Dechen).  These  are  micaceous  sand- 
stones often  running  into  concretionary  forms,  as  seen  at  the  RauheHardt, 
near  Iserlohn.  Then  appear  the  reddish  schists  with  CypridiniB  and  a  nodular 
limestone,  which,  from  the  cavities  it  weathers  into,  has  been  called  '^Kramenzel- 
stein,''  or  ant-stone*,  the  greatest  thickness  of  which  is  about  200  feet. 

It  is  this  nodular  Eramenzel-stein,  and  the  associated  schists  and  sandstone, 
frequentiy  of  a  reddish  colour,  which  are  most  charged  with  Cypridins  and 
Clymeniffi,  and  they  give  to  the  upper  group  its  chief  character.  When  most 
extended,  including  the  schists  called  ''  Flinz,"  the  group  has  the  dimensions  of 
upwards  of  1300  feet  This  Upper  Devonian,  in  the  form  of  "  Cypridina-Schiefer  " 
and  Glymenien-Kalk,  as  before  explained,  is  much  developed  in  Saxony  and  in 
the  adjacent  tracts  of  Thurin^a  and  Franconia.  (See  the  foregoing  dtapter.) 
The  overlying  sandy,  calcareous  band  with  the  Spiiifer  Vemeuilii  f  terminates 
in  ascending  order  the  Upper  Devonian  of  the  Rhine  and  Belgium,  and  is 
distinguished  by  a  separate  colour  in  the  Prussian  map  |. 

*  The  cavities  are  frequentiy  filled  with  voL  xi.  p.  252).    It  is,  howerer,  the  Spiri- 

ants'  nests ;  henoe  this  name,  given  by  the  fer  diBJunctas,  having  been  pieviouflly  so 

workmen.  named  by  Sowerby. 

t  Yon  Dechen  and  his  associates  have  X  The  Prussian  geoloffists  have  even 

used  the  name  given  by  myself  in  honour  delineated  on  their  map  three  divisions  in 

of  my  friend  de  Yemeuil  to  the  SjsirifiBr  this  onemup,  which  m  asoending  order 

whidi  abounds  in  the  same  stratum  m  the  are :  1.  Funz;  2.  Kramenzel-Stein;  8.  Yer- 

Boulonnais  (see  Bull.  Soo.  G^l.  de  France,  neuilii-Schiefer. 
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Devonian  Boehs  qf  Bel^mm^-^The  oldest  roc^B  in  Belgium  are  those 
of  the  Sjsteme  Ardoisier  of  OmaliuB  d'Halloj,  or  Temun  ArdennaiB  of 
Dunont,  so  called  from  the  great  doTelopment  of  those  slaty,  quartzose 
masses,  which  rise  into  the  lofty  and  wild  hills  of  the  Ardennes*.  These 
rocks,  including  the  local  divisions  or  systems  of  M.  Dumont,  called 
DoTillien,  Be?innien,  and  Salmien,  and  even  the  Gtedinnien,  or  base  of 
the  Terrain  !Kh^nan  of  that  author,  are  now  considered  by  M.  de  Koninck 
to  be  of  Lower  Silurian  age,  seeing  that  they  contain  only  a  few  im- 
perfect traces  of  fossils,  none  of  which  are  of  Upper  Silurian  characters, 
and  also  that  these  slates  and  grits  are  tmoot^brmably  surmounted  by  the 
lowest  zone  of  true  Devonian  rocks. 

The  triple  division  of  the  Devonian  rocks  of  the  Bhine,  proposed  in 
the  first  edition  of  this  work,  is  found  by  M.  de  Koninck  to  be  essen- 
tially correct  and  applicable  to  Belgium  as  determined  both  by  super- 
position and  oi^anic  remains.  ^The  lowest  beds,  consisting  of  quartzose 
conglomerates,  and  exhibiting  imperfect  casts  only  of  Bhynchonella  and 
Orthis  allied  to  species  of  the  earliest  Devonian  age,  are  followed  by 
schists  which  are  laden  with  those  fossils  which  are  common  in  the  lowest 
foesiliferous  rocks  visible  on  the  banks  of  the  Bhine  and  its  tributary  the 
Ahr.  On  this  point,  M.  de  Koninck  agrees  with  the  Prussian  geologists, 
von  Dechen  and  Ferd.  Boemer,  and  with  myself^  that  the  so-called 
Systhnet  Coblentzien  and  Ahrien  of  Dumont  are  absolutely  one  and 
the  same  deposit.  (See  the  Table  at  the  end  of  the  chapter.) 

Occurring  in  Brittany  and  other  parts  of  France,  as  will  presently  be 
shown,  these  beds  are,  as  before  said  (p.  294),  represented  in  N.  Devon 
by  the  sandstone  rocks  forming  the  ^orth  Foreland  and  cliffs  of  Dfra- 
combe ;  whilst,  judging  from  some  of  the  fossils,  M.  de  Koninck  thinks, 
with  us  in  England,  that  they  have  also  their  equivalents  at  Hope's  Nose 
and  Meadsfoot  near  Torquay  in  Devonshire,  and  at  Looe  and  Fowey  in 
Cornwall. 

The  same  group  of  fossils  has,  indeed,  a  very  wide  range,  and  has  been 
recognized  in  the  Asturias  and  other  parts  of  Spain,  at  Constantinople, 
and  at  the  Cape  of  Gt)od  Hope,  if  not  in  Tasmania.  This  is  the  zone 
which  is  characterized  by  the  broad-winged  Spiriferi,  Spirifer  macro- 
pterus,  Goldf.,  and  S.  cultrijugatus,  Boem.,  and  was  well  termed  '*  Spi- 
rifer-Sandstein'*  by  Ferd.  Boemer.  The  other  principal  fossils  are, 
Orthis  resupinata.  Sow.,  O.  Sedgwicki,  de  Vem.,  Terebratula  Archiad, 
id.,  Chonetes  sarcinulata,  Schloth.,  Fterinea  lineata,  Goldf.,  Grammysia 
Hamiltonensis,  de  Yem.,  Homalonotus  armatus,  Burm.,  and  Fleuro- 
dictyum  problematicum,  Goldf.,  &c.  M.  de  Koninck  enumerates,  in 
short,  23  species  which  are  common  to  Belgium  and  the  Bhine,  many 
of  them  being  also  known  in  Devonshire ;  whilst  not  one  of  them  has 
been  detected  in  an  Upper  Silurian  rock  in  any  part  of  the  world. 
*  In  the  Prussian  geological  map  these  slates  are  also  grouped  as  Devonian. 
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Just  aB  in  my  own  table,  the  Wiaaenbach  alatee  are  placed  by  M.  de 
Koninck  at  the  summit  of  this  Lower  Devonian  division. 

The  Middle  Devonian  of  Belgium,  or  calcareous  centre  of  the  senea, 
is  deflcribedbyM.de  Koninck  as  consiBting  of  several  bands.  Theinferior 
strata  are  quartsose,  schistose,  and  calcareous,  with  partial  conglome- 
rates (Bumot),  and  exhibit  few  fossils ;  next,  limestone  laden  with  true 
Eifel  fossils,  including  Fhacops  latifix>ns,  Bronn,  Brontes  flabelli&r, 
Gbldf.,  Spirifer  heterodytus,  Defrance,  with  Stromatopora,  Gyathophyl- 
lum,  and  many  other  corals. 

A  thin  course  of  limestone  with  Calceola  sandalina  succeeds,  and  a 
suite  of  fossils  which  occur  in  the  Devonshire  limestones  of  Plymouth, 
Newton  Bushel,  and  Chiroombe  Bridge,  and  which  are  unknown  in 
France  and  in  the  Hars.  Among  these  are,  Fhragmoceras  pyriforme, 
Gt>ldf.,  Cyrtoceras  nodosum,  Bronn,  Orthoceras  nodulosum,  Schloth., 
Capulus  priscuB,  Gt)ldf.,  Bellerophon « tuberculatus,  F^mss.,  Lucina 
proavia,  Goldf.,  Orthis  umbraculum,  v.  Buch,  Spirifer  speciosus,  Goldf., 
S.  oBtiolatus,  Schloth.,  S.  curvatus,  Schloth.,  Bhynchonella  primipilans, 
V.  Buch,  with  two  species  of  GupreBsocnnuB.  This  group,  according  to 
M.  de  Koninck,  occurs  aLso  in  China  and  Australia. 

The  upper  portion  of  the  Middle  Devonian  consists  of  the  limestone 
with  Stringocephalus  Burtini  and  other  well-known  fossils,  viz.  ITncites 
gryphus,  Schloth.,  Megalodon  cucuUatus,  Gk>ldf.,  Murchisonia  bilineata, 
Goldf.,  MacrocheiluB  arculatus,  Goldf.,  and  Sph»rocrinus  geometricu% 
Goldf.  In  placing  this  bed  at  the  summit  of  the  Central  Devonian  or 
Eifelian  group,  M.  de  Koninck  is  in  accordance  with  Ferd.  Boemer  and 
the  Prussian  paleontological  authorities.  In  Brabant,  as  at  Soignies  and 
EcausBines,  it  reposes  upon  the  Lower  Devonian,  and  is  in  every  respect 
the  equivalent  of  the  limestones  of  Pafirath,  Befrath,  Munster-Eifel,  and 
Villmar,  in  the  Bhenish  countries.  In  Devonshire,  M.  de  Koninck  iden- 
tifies with  this  band  the  limestones  of  Bradley,  Babbacombe,  and  Newton 
Bushel,  and  compares  it  with  the  Marcellus  schists  and  Hamilton  group 
of  North  America. 

In  following  the  Devonian  rocks  firom  the  Bhine  towards  Belgium, 
it  is  found  that  their  details  differ  from  those  of  Westphalia.  At  Aix-la- 
Chapelle,  where  the  Belgian  type  may  be  said  to  begin,  all  the  members 
of  the  series  are  much  attenuated.  We  there  find  a  meagre  equivalent 
only  of  the  Lower  Devonian ;  the  calcareous  representative  of  the  Eifel 
being  but  a  poor  coraUine  rock,  in  parts  dolomitic,  followed  only  by 
certain  nodular  schists  charged  with  the  BeceptacuUtes  Neptuni,  De- 
france,  and  Spirifer  disjunctus.  Sow.,  which  alone  represent  the  copious 
maases  of  Flinz,  Kramenzel-stein,  &c.,  of  the  previously  mentioned 
tracts. 

The  Upper  Devonian  of  Belgiimi  (part  of  the  Eifelien  and  part  of  the 
Condrusien  inf^ieur,  Dumont)  consists  at  its  base  of  calcareous  schist 
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with  nodules,  and  is  specially  characterized  by  its  abundance  of  Clj- 
memsdy  Goniatites,  and  Favosites ;  besides  which,  it  contains  Eecepta- 
culites  Neptuni,  Defr,,  DayidsoniaYemeuilii,  de  Kon.,  Ayicula  Neptuni, 
Goldf.,  Orthis  Dumonti,  de  Yem.,  Shynchonella  cuboides,  Sow.,  Gardium 
palmatum,  Ooldf.,  and  Cypridina  serratostriata,  Sandb. 

This  band  is  paralleled  with  the  beds  of  Budesheim  in  the  Eifel,  with 
the  red  limestones  and  iron-beds  of  Nassau  described  by  Sedgwick  and 
myself*,  with  the  base  of  the  Petherwin  group  in  Cornwall,  as  with  the 
strata  of  Neuilly  (Herault)  in  France,  and  the  rocks  of  Elbersreuth  and 
Schubelhammer  in  BaTaria,  illustrated  by  Count  Munster.  It  is  the 
Gknesee  slate  and  Tully  limestone  of  N.  America,  and  is  considered  to 
have  its  representative  in  the  ^' Domanik-Schiefer "  of  Keyserling,  on 
the  banks  of  TJchta  in  the  north-eastern  extremity  of  Bussia  in  Europe, 
whence  the  fossils  range  even  into  Nova  Zembla. 

The  group  terminates  upwards  in  a  mass  of  schists  of  olive  and  brown 
colours  alternating  with  calcareous  and  dolomitic  courses ;  the  whole 
forming  the  usual  borders  of  the  coal-basins  of  Belgium.  This,  the  highest 
Devonian  group,  is  characterized  by  containing  Orthis  striatula,  Schloth., 
Spirifer  disjunctus.  Sow.  (S.  Vemeuilii,  mihi),  S.  comprimatus,  Schloth., 
Strophomena  Dutertrii,  de  Yem.,  Fioductus  subaculeatus,  Murch.,  Acer- 
vularia  pentagona,  Gt>ldf.,  Favosites  polymorphus,  Qoldf.,  &c. 

This  is  the  upper  member  of  the  Petherwin  group  of  English  geolo- 
gists, and  is  represented  in  N.  Devon  by  the  sandy  rocks  of  Barnstaple, 
Pilton,  Croyde,  Baggy  Point,  Ac.  It  has  been  traced  by  de  Koninck 
in  Belgiiun,  at  Manche,  Bhisme  (Namur),  Huy,  Yerviers,  Chaufontaine, 
and  Philippeville,  and  ia  well  seen  in  the  Boulonnais,  where  it  is  clearly 
distinguished  from  the  lowest  Carboniferous  rocks,  by  which  it  is  con- 
formably surmounted. 

Certain  fossils  of  this  age  have  as  wide  an  extension  as  those  of  the 
underlying  divisions  of  the  Devonian  rocks ;  since  they  have  been  identi- 
fied by  Davidson,  de  Koninck,  Salter,  &c.,  from  Chinaf  and  other  parts 
of  Asia,  and  are  abundant  in  Bussia  and  Siberia. 

In  terminating  this  sketch  of  the  Devonian  rocks  of  the  Rhenish 
provinces  and  Belgium^  it  may  be  observed^  that^  notwithstanding 
a  certain  general  aspect^  even  the  lowest  Devonian^  here  indicated^ 
is  entirely  different  in  species  from  the  Upper  Silurian  type  of 
any  part  of  Europe ;  whilst  the  middle^  or  typical^  Devonian  is  still 

*  See  TrauB.  Geol.  Soo.  Lond.,  2  ser.,  plied  me  with  Upper  Devonian  fossils  from 

voL  yi.  p.  260.  the  proymce  of  Tse-chuen,  in  the  interior 

t  The  celebrated  missionary,  Mr.  W.  of  that  yast  country,  which  are  identical  in 

Lookhart,  who  has  just  communicated  to  specific  character  with  Spirifer  Vemeuilii, 

the  Royal  (Geographical  Society  a  oonipre-  S.  Archia43L,  Productus  subaculeatus,  and 

hensive  memoir  on  the  great  waterooursee  other  European  forms :  ooal  also  abounds 

and  on  the  productions  of  China,  has  sup-  in  that  region. 
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more  distinct.  Neither  of  these  rocks  contain^  for  example^  any 
Silurian  species  of  crustacean  or  cephalopod;  the  genera  of  the 
central  masses  are  peculiar ;  and  graptolites,  which  occur  from  the 
bottom  to  the  top  of  the  Silurian  rocks^  are  unknown  in  any  De- 
vonian stratum.  The  Devonian  and  Upper  Silurian  are^  therefore, 
infinitely  more  distinguished  from  each  other,  as  naturaL-history 
groups^  than  the  Lower  and  Upper  Silurian,  which,  on  the  contrary, 
are  intimately  linked  together,  as  proved  in  the  earlier  chapters,  by 
a  considerable  number  of  the  same  species  of  crustaceans,  cephalopod 
and  brachiopod  shells,  corals,  and  graptolites. 

According  to  de  Yemeuil,  the  Lower  Devonian  of  the  Rhine  is 
the  equivalent  of  the  Oriskany  sandstone  of  the  United  States,  as 
will  be  explained  in  a  subsequent  chapter.  Other  analogiM  have 
been  indicated  by  means  of  their  fossils,  between  these  Continental 
deposits  and  the  Marcellus  slates  and  Ebonilton  group  of  North 
America.  But,  for  the  present,  let  us  simply  bear  in  mind,  that, 
ndiether  we  regard  the  physical  order  of  the  masses,  or  their  im- 
bedded remains,  the  Rhenish  and  Belgian  rocks,  which  have  aflforded 
more  than  450  species  of  fossil  animals,  are  not  only  really  remark- 
able counterparts  io  the  succession  in  Devonshire,  but,  in  conse- 
quence of  the  perseverance  and  activity  of  their  explorers,  have 
already  much  outnumbered  in  fossils  their  British  equivalents. 

Carboniferous  Bocks  of  the  Prussian  Bhenish  Provinces  and  Belgium. — 
The  upward  succession  from  the  Devonian  rocks  into  the  Carboniferous 
deposits  is  clear  on  both  banks  of  the  Rhine  and  in  Belgium ;  and  if  in 
the  latter  country  certain  lower  carboniferous  schists  are  attenuated, 
this  thinning-out  of  one  portion  is  more  than  compensated  by  the 
presence  of  noble  masses  of  carboniferous  limestone. 

The  carboniferous  limestone  of  Belgium  reposes,  however,  upon  the 
Devonian  schists  containing  the  Spirifer  disjunctus  (or  Vemeuilii),  the 
well-known  fossil  of  the  Rhenish  Prussian  tracts  and  the  Boulonnais, 
without  any  trace  of  those  lower  sandstones  which  are  so  largely  inters 
calated  in  Scotland  and  Ireland  (p.  812  et  seq,).  This  carboniferous 
limestone,  and  a  thin  overlying  sandstone  representing  the  Millstone  grit, 
form  the  support  of  the  two  great  coal-basins  of  Li^  and  Hainault. 
The  numerous  repetitions  and  folds  of  this  rock,  as  distinguished  from 
the  lower  or  Devonian  limestone,  are  admirably  displayed  in  the  map 
and  sectiouEf  of  M.  Dumont. 

During  his  earlier  researches,  M.  de  Koninck  was  led  to  believe  in  the 
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existence  of  two  distinct  zones  of  carboniferous  limestone,  as  expressed 
in  the  first  edition  of  this  work  (p.  875) ;  the  fossils  of  the  tract  near 
Vis6  being  very  different  from  those  of  Toumaj.  He  now,  however, 
has  come  to  the  conclusion,  that  both  these  form  one  natural  mass ; 
since,  although  their  respectiye  fossils  differ  materiallj,  they  are  closely 
united  by  a  number  of  species  common  to  each  district.  Illustrating 
and  extending  the  application  of  his  yiews,  M.  de  Koninck  further  sug- 
gests, that  the  fossil  species  of  Yis^  and  Toumay  are  repeated  in  like 
manner  in  seyeral  localities  of  the  British  Isles  respectiyely ;  and  he 
traces  the  same  distinction  over  the  Continent  to  the  Ural  Mountains  on 
the  east,  and  across  the  Atlantic  to  America  on  the  west. 

In  making  these  extensive  comparisons,  M.  de  Koninck  enumehttes 
53  species  as  distinctive  of  the  Yis^  assemblage,  and  57  species  as  cha- 
racteristic of  Toumay ;  whilst  he  cites  40  species  which  are  common  to 
both  localities.  The  latter,  or  the  common  forms,  belong  chiefiy  to  the 
genna  Euomphalus,  Fleurotomaria,  Bellerophon,  Productus,  Orthis, 
Athyris,  BhyndHmella,  with  the  trilobite  Fhillipsia,  and  palates  of  the 
Psammodus  and  other  fuihes. 

Through  the  comparisons  instituted  by  tbb  aUe  paleontologist,  we 
learn,  that  many  of  the  same  species  were  so  widely  spread  out  doiing 
the  Carboniferous  era  as  to  extend  over  the  northern  hemisphere ;  being 
here  and  there  collocated  in  distinctive  assemblages,  often  at  great 
distances  from  each  other, — ^those  parts  of  the  ocean  having  been  spe- 
cially suitable  to  their  existence. 

The  splendid  rocks  of  this  formatian,  which  the  traveller  admires  as  he  passes 
along  the  railroad  from  Namur  to  Li^,  gradually  thin  out  as  they  range 
towards  the  Rhine.  They  make^  in  short,  their  last  appearance  as  a  solid  lime- 
stone at  Cromford  near  Ratingen,  on  the  right  bank  of  the  Rhine ;  for  in  ex- 
tending thence  to  the  east  and  north  they  become  almost  non-calcareous. 
Instead  of  two  or  more  massive  divisions,  they  dwindle  into  one  or  two  thin, 
flat  beds  of  black  limestone,  very  similar  to  the  black  ctdm-stone  of  Devonshire, 
which  is  in  that  district  the  feeble  representative  of  the  great  Carboniferous 
or  Mountain  Limestone  of  other  parts  of  England.  Like  the  Devonshire  rocks, 
the  Westphalian  strata  are  characterized  by  the  Posidonomya  fiecheri,  which 
occurs  in  Belgium,  even  where  the  calcareous  matter  is  entirely  absent,  as  well 
as  in  the  schists  of  Herbom  and  other  places,  distinctly  marki'Tig  the  centre  of 
the  Lower  Carboniferous  rocks. 

In  the  German  Rhenish  provinces,  the  lower  member,  or  the  schists  below 
the  limestone  (Lower  Sandstone  shale),  is  usually  very  siliceous,  and  is,  in  that 
tract,  the  ^'Eiesel-Schiefer  "  of  the  Prussian  geologists,  which  occasionally  ex- 
pands into  a  deposit  of  considerable  dimensions.  The  limestone  which  reposes 
on  these  schists  and  sandstones  is  again  surmounted  by  a  copious  succession  of 
sandstone,  mineralogically  not  very  unlike  many  of  the  inferior  divisions  of  the 
so-called  *'  grauwacke,"  and  which  was  also  formerly  known  under  the  name  of 
"  Flotz-lehrer  Sandstein."  Professor  Sedgwick  and  myself  showed,  that,  while 
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the  Posidonomja  beds  represented  the  '^  culm/'  or  true  durboniferous  limestone, 
this ''Flotz-lehier  Sandstein"  or  "  jiingste  grauwacke'' was  simply  the  equi- 
valent of  our  British  millstone  grit,  and  that,  as  in  England^  it  lay  immediately 
beneath  the  most  productive  coal-fields. 

This  identification  was,  in  truth,  one  of  the  most  satisfactory  assu- 
rances, that  a  knowledge  of  organic  remains,  combined  with  a  dear  view 
of  the  order  of  superposition,  had  led  us  to  a  correct  inference  in  placing 
as  a  member  of  the  carboniferous  deposits  strata  which  had  been  pre- 
viously connected  with  much  more  ancient  rocks. 

Having  thus  briefiy  indicated  the  character  of  the  rocks  which  form 
the  immediate  support  of  the  upper  or  productive  carboniferous  strata 
of  Westphalia  and  Belgium,  it  is  not  my  object  to  attempt  any  detailed 
description  of  the  coal-measures  properly  so  called.  In  Westphalia  the 
coal  beds  plunge  under  the  cretaceous  rocks  upon  the  east ;  and  in  Bel- 
gium (as,  for  example,  at  Li^ge)  they  are  at  once  surmounted  by  tertiary 
deposits.  (See  Dumont's  Maps.) 

Whilst  the  Devonian  rocks  of  the  Shine,  unlike  those  of  Saalfeld 
(p.  408),  have  afforded  few  traces  of  land  plants,  it  is  important  to 
observe,  that  specially  in  this  Lower  Carboniferous  group  nearly  all 
the  so-called  transition  and  ''  grauwacke  "  fossil  vegetables  described  by 
various  German  authors  have  been  collected.  Seeing  that  this  series, 
in  the  Bhenish  provinces,  is  so  very  analogous  to  that  of  Britain,  geolo- 
gists will  indeed  be  interested  in  comparing  the  plants  described  by 
G^ppert,  Unger,  and  others  with  the  rich  flora  of  the  same  age  found 
in  Northumberland*,  Scotland,  and  parts  of  Ireland. 

Although  not  adopted  by  the  Prussian  geologists  in  the  great  map  of 
the  Bhine  provinces,  it  is  right  to  mention  the  opinion  of  M.  B.  Ludwigf, 
that  the  quartzites  above  Nauheim,  which  seem  to  be  an  eastern  pro- 
longation of  the  Taunus  mountains,  and  repose  unconformably  upon 
certain  Devonian  rocks,  are — judging  from  their  mode  of  bedding,  mineral 
character,  and  above  all  from  the  large  land  plants  they  contain — equiva- 
lents of  one  of  the  oldest  members  of  the  carboniferous  series.  On 
this  point  I  cannot  pretend  to  express  a  decided  opinion  without  a  more 
elaborate  examination  than  I  have  yet  given  to  the  tract.  M.  von  Dechen 
does  not  adopt  this  view. 

Invernofu. — Inadequate  as  the  preceding  brief  sketch  may  be  in  con* 
veying  a  just  idea  of  the  nature  and  contents  of  the  older  deposits  of 
this  interesting  region,  it  would  be  still  more  imperfect  if  a  reference, 
however  cursory,  were  not  made  to  the  phenomenon  of  the  inversion  of 
some  of  its  stratified  rocks.    Adopting  the  explanation  of  M.  Dumont, 

*  See  remarkB,  by  Mr.  Or,  Tate,  on  the  f  See    '  Bheinisohe    Sohiefisr-Gebirse,' 

fossil  flora  of  the  Goal  formation,  in  the  with  a  map.    Jahrbuche  der  YereiDs  mt 

'  Natural  History  of  the  Sastem  Borders,*  Naturkun^    in     Heraogthum     Nassau, 

by  Dr.  Johnston,  1863.  Wiesbaden,  1868. 
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of  such  reversals  of  tlie  normal  order  in  Belgium,  Professor  Sedgwick 
and  myself  applied  it  to  account  for  the  position  of  certain  masses  of 
the  Eifel  country.  We  pointed  out  how,  near  Miinster-Eifel,  the  over- 
turning of  the  beds  had  been  produced  by  movements  which  acted 
throughout  masses  of  sediment  several  thousand  feet  in  thickness.  The 
phenomenon  is  illustrated  by  this  diagram  t- 

Invebsion  in  thb  Eitsl  explaiked. 

WelnKartcn.  Mflncter-EifeL 


Stntta  in  order.  Sent*  bent  orcr  and  liiTcrted. 

c.  Eifel  limestone  and  shale, 
a,  b.  Shelly  Devonian  gi^eywacke. 

In  this  case,  whether  by  following  the  strata  upon  their  strike,  or  by 
making  a  short  traverse  across  them,  as  in  the  preceding  section,  the 
true  order  was  soon  detected. 

Again,  on  the  northern  or  outer  frontier  of  the  Devonian  rocks  of 
WestphaUa,  where  the  order  is  very  regular,  all  such  strata  being  seen 
to  plunge  imder  the  Carboniferous  beds,  as  before  explained,  the  attention 
of  the  observer  is  roused  when,  exploring  north-westwards  to  Brilon, 
he  finds  a  large  tract  of  country  (much  penetrated  by  very  ancient 
igneous  rocks)  which,  extending  towards  Berleburg,  exhibits  every- 
where the  older  beds  overlying  the  younger.  This  phenomenon,  long 
ago  known  to  the  Prussian  geologists  von  Dechen  and  Erbreich,  is 
expressed  in  this  woodcut,  taken  from  part  of  a  larger  section  published 
by  my  colleague  and  myself  in  the  Geological  Transactions  {. 


N.N.W. 


IlTYEBTED  StBATA  SoUTH  07  BBILON. 


Brilon. 


6.S.E. 


r  •  •  •         « 

c.  Lower  Carboniferous  (IQcisel-Schiefer  and  Posidonomyen-Schiefer). 
b.  Upper  Deroi^an  schist,  lime,  and  iron  ore  1  T|^o-ii^„ 

a.  Sh^  Deroniiito  rocks |i»eTonian. 

*  Bands  of  igneous  rocks. 

The  reader  will  see  that  the  lower  carboniferous  rocks  (c),  consisting 
of  the  "Kiesel-"  or  "  Posidononlyen-Schiefer  "  (Table,  p.  482),  which 
in  their  true  positions  are  overlying,  here  dip  under  the  upper  or  calca- 
reous Devonian  group,  h ;  whilst  the  last  have  been  carried  under  still 

t  From  Trans.  Greol.  Soo.  toL  tL  p.  277.    cut  in  the  Geological  Transactions  shows 
X  See  Sedgwick  and  Murohison,  Trans,    the  coal  strata  to  the  norf^  covered  bj 
Geol.  Soc.  Lond.  vol.  vi.  p.  239.  The  wood-    cretaceous  rocks. 
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older  members  of  that  series  (a),  or  the  slaty  **  grauwacke"  of  this 
region.  Nay  more,  he  perceives  that  igneous  rocks,  or  porphyries, 
greenstones,  Ac.,  formed  in  part  successively  on  the  bottom  of  the  same 
seas,  in  which  the  Devonian  strata  (h)  were  accumulated,  have  also 
been  overthrown  en  masse  with  aU  the  other  rocks.  It  follows,  there- 
fore, that  the  regular  order  in  which  these  formations  are  traceable 
along  so  wide  an  adjacent  region  is  here  completely  deranged,  and  that 
all  the  rocks  are  inverted,  the  older  being  incumbent  on  the  younger ! 
Now,  this  very  same  phenomenon  of  the  overturning  of  huge  masses  of 
the  soHd  crust  of  the  earth  has  not  had  its  limit  in  the  Bhenish  pro- 
vinces, but  has  extended  into  Belgium,  where  the  same  strata,  as 
described  by  M.  Dumont,  are  affected  along  a  band  having  predsely 
the  same  strike  as  those  great  folds  in  Westphalia  and  the  Eifel*. 
They  are,  therefore,  to  be  considered  as  great,  parallel,  wave-like  undu- 
lations, similar  to  those  which  have  been  ably  explained  by  the  Pro- 
fessors Bogers  of  the  United  States. 

In  looking  back  to  p.  161,  we  see,  indeed,  that  in  Cornwall,  this  great 
European  inversion  has  proceeded  much  further  to  the  west,  and  that 
masses,  of  an  antiquity  unknown  in  the  Bhenish  provinces  and  Belgium 
(i.  e.  the  Lower  Silurian) ,  there  overlie  Devonian  strata.  In  that  example, 
both  the  rocks  being  fossiUferous,  no  doubt  as  to  the  intensity  of  the 
overthrow  can  exist. 

In  the  earlier  part  of  this  chapter  it  is  also  shown,  that,  in  one 
district  of  Thuringia,  certain  plant  beds,  which  belong  to  the  Lower 
Carboniferous  division,  plunge  under  Upper  Devonian  beds  charged  with 
Cypridinffi  and  Clymenio,  and  that  near  Ober  Steinach,  in  Heiningen, 
these  Devonian  strata  are  likewise  apparently  surmounted  by  true 
Lower  Silurian ! 

If  a  young  geologist  had  detected,  for  the  first  time,  such  abnormal 
relations  in  a  country  like  the  Eifel,  where,  besides  igneous  eruptions  of 
remote  periods  similar  to  those  in  the  last  diagram,  the  strata  have  been 
pierced  by  volcanos  which  have  certainly  been  in  activity  under  the 
atmosphere,  he  might  suppose,  that  the  latter,  with  their  craters  and 
coulees,  must  have  been  associated  with  an  influence  analogous  to  that 
which  produced  the  inversions.  But  a  cursory  examination  dispels  the 
hypothesis ;  for  we  see  that  these  sub-aerial  volcanos,  with  their  scorbe, 
pumice,  lava,  and  ashes,  are  nothing  more  than  mere  superficial  pustules, 
which,  in  bursting  forth,  spent  their  energies  for  ever,  and  produced  no 
sort  of  alteration  in  the  position  or  nature  of  the  rock-masses.  They 
merely  vomited  their  contents  into  depressions  already  prepared  to 
receive  them ;  thus  showing  us  that  when  they  appeared  the  present 
system  of  hills  and  valleys  had  been  completed. 

*  See  the  reary  remarkable  geological  map  of  all  the  volcanie  tracts  in  the  Bhenish 
Prorinoee,  by  ]d.  t.  Oeynhausen. 
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Infinitely  more  intense,  therefore,  must  have  been  that  much  deeper- 
seated  agency,  which,  giving  rise  to  such  internal  writhings  of  nature, 
inverted  thousands  of  feet  of  strata  over  vast  areas,  and  bending  them 
in  some  tracts  like  reams  of  paper,  placed  them  in  others  over  deposits 
formed  at  immeasurably  subsequent  periods.  But,  striking  as  are  the 
above-mentioned  features  of  inversion,  still  grander  examples  will  be 
adverted  to  in  the  sequel. 

After  all^  such  phenomena  of  inversion  are  only  local  exceptions^ 
as  respects  the  surface  of  the  globe^  on  which^  fortunately^  the  ori- 
ginal impress  of  order  is  visible  over  very  lai^  regions.  In  revert- 
ing then  to  such  order^  I  annex  the  following  Table  of  the  natural 
divisions  of  the  Devonian  and  Carboniferous  rocks  of  the  Continent 
as  compared  with  their  equivalents  in  the  British  Isles^  the  whole 
surmounted  by  the  Permian  rocks  described  in  the  thirteenth 
chapter.  In  this  Table^  the  student  sees  at  one  glance  the  whole 
of  the  Upper  Paleozoic  succession ;  the  Silurian  strata  constituting 
the  lower  part  of  the  Paleozoic  system.  It  is  substituted  for  one 
on  a  more  limited  scale  given  in  the  first  edition  of  this  work^ 
relating  to  the  tracts  described  in  this  chapter  only^  and  which 
was .  chiefly  prepared  to  show  both  the  triple  subdivision  of  the 
Devonian  rocks^  and  also  that  not  one  of  those  groups^  as  based 
upon  the  distribution  of  former  life^  was  in  unison  with  the  litho- 
logical  groups  and  systems  of  the  late  M.  Dumont^.  That  eminent 
geologist^  who  had  so  admirably  reduced  to  order  the  complicated 
and  often  inverted  strata  of  his  native  country  around  Liege^  under- 
valuing the  weight  of  fossil  evidence^  proposed  a  classification  based 
solely  upon  the  mineral  character  of  each  succeeding  mass.  Such 
division,  being  found  to  be  inconsistent  with  the  great  principle 
of  modem  geology — strata  identified  by  their  organic  remains,  is 
no  longer  adverted  to,  and  the  Table  now  laid  before  the  reader, 
though  susceptible  of  much  improvement,  is,  it  is  hoped,  established 
on  a  truthful  basis,  and  applicable  to  wide  areas  of  the  earth^s 
surface. 

•  See  <  Siluria,'  1st  ed.  p.  881. 
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CHAPTER  XVII. 

SILUEIAN  AND  OVEELYINO  PALEOZOIC  BOCKS  OP  FEANCE,  SPAIN, 
PORTUGAL,  AND  SARDINIA- 

Although  the  paleozoic  rocks,  often,  however,  in  a  metamorphic 
state,  occupy  considerable  areas  in  France,  it  is  not  possible,  on 
this  occasion,  to  offer  more  than  a  slight  sketch  of  their  features 
even  in  those  tracts  where  they  are  clearly  exhibited.  They  are 
largely  developed  in  Brittany,  and  the  authors  of  that  great  work, 
the  geological  map  of  Prance*,  there  divide  them  into  two  prin- 
cipal masses.  The  inferior  of  these  is  composed  of  glossy  schists 
(schistes  satin^s  luisans)  of  great  thickness,  in  which  a  few  thin 
courses  of  grit  and  shaly  limestone  occur.  In  their  mineral  aspect, 
and  in  their  entire  want  of  fossils,  these  strata  remind  the  geologist 
of  the  rocks  which  underlie  the  lowest  fossiliferous  deposits  of 
Bohemia,  and  they  may  not  unaptly  be  compared  with  some  of  the 
crystalline  and  subcrystalline  rocks  of  Anglesea  and  the  Longmynd, 
or  hardest  bottom  rocks  of  the  Welsh  and  English  series.  Their 
mean  direction  in  Brittany  is,  like  that  of  the  Longmynd  in  Shrop- 
shire, from  east  20°  north,  to  west  20°  south,  and  they  were  termed 
Cambrian  by  E.  de  Beaumont  and  Dufr^noy. 

Under  the  name  of  Silurian,  these  eminent  authors  include  a 
thick  and  complex  series  of  fossiliferous  strata,  which  they  have 
again  divided  into  two  groups.  The  lowest  of  these  they  thus 
arrange : — 1st,  conglomerates  and  siliceous  sandstones;  2nd,  bluish 
schists,  which  at  Angers,  foligny,  &c.,  furnish  good  slates,  and 
correspond  by  their  fossils  to  the  Llandeilo  formation  of  Britain; 
Trinuclei  and  Ogygise,  with  lUsenus  giganteus,  &c.,  being  abundant. 
So  far,  the  succession  in  Brittany,  as  dependent  on  organic  re- 
mains, is  in  imison  with  that  of  Britain ;  but  the  chief  portion  of 
the  next  division,  consisting  of  compact  limestones  and  schists,  has 
been  abstracted  by  de  Vemeuil  from  the  Silurian,  and  shown  to 
belong  to  the  Devonian  system*    In  this  way,  the  order  in  Brittany 

*  MM.  £lie  de  Beaumont  and  Dufr^noy. 
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is  analogous  to  that  of  Cornwall  and  many  parts  of  Germany^  in 
which  tracts,  as  already  shown,  there  is  an  equally  sudden  suc- 
cession from  Lower  Silurian  to  Devonian. 

The  second  group  adopted  by  the  authors  of  the  geological  map 
of  France,  is  made  up,  first,  of  siliceous  conglomerates,  coarse  grits, 
and  ai^illaceous  schists,  which  old  geologists  would  term  ^'grey- 
wacke,''  then  of  beds  with  coal,  and,  lastly,  of  a  limestone  specially 
characterized  by  the  presence  of  Amplexus  and  Productus.  Now, 
d^Archiac  and  de  Vemeuil  have  demonstrated  that  this  highest 
group  is  neither  Silurian  nor  Devonian,  but  a  true  member  of  the 
Carboniferous  rocks.  It  is,  in  fact,  identical,  in  its  fossils,  with  the 
carboniferous  limestone  of  many  regions. 

All  these  fossiliferous  deposits,  whether  Lower  Silurian,  Devo- 
nian, or  Lower  Carboniferous,  are  conformably  arranged,  whatever 
may  be  the  inclination  of  the  beds;  and  striking  from  east  16^ 
south,  to  west  15°  north,  they  overlap  transgressively  the  older 
unfossiliferous  rocks  on  which  they  repose.  It  was  the  accordance 
in  their  direction  and  inclination  which  naturally  led  Elie  de  Beau- 
mont and  Dufr^noy  to  include,  in  the  first  instance,  all  these 
fossiliferous  deposits  in  one  period.  But,  in  the  interval  which  has 
elapsed  since  that  classification  was  proposed,  Brittany  has  been 
examined  by  many  geologists,  including  Frappoli,  de  Pourcy,  Du- 
rocher,  Blavier,  Bouault,  as  well  as  by  de  Vemeuil  and  d'Archiac, 
all  of  whom  agree  in  adopting  the  order  and  nomenclature  here 
announced.  The  eastern  limits  of  the  province,  towards  the  De- 
partments of  La  Mayeune  and  La  Sarthe,  have  indeed  been  studied 
in  the  greatest  detail  by  M.  Triger,  to  whom  the  execution  of  the 
geological  map  of  the  last-mentioned  district  was  confided.  The 
collection  of  fossils  made  in  the  paleozoic  rocks  around  Cherboui^ 
by  my  old  and  indefatigable  correspondent,  the  late  M.  de  Qerville, 
has  also  contributed  essentially  to  dear  away  the  difficulties  attend- 
ing a  right  classification;  and  lastly,  the  Geological  Society  of 
France  (during  its  meeting  at  Le  Mans,  1850),  under  the  leadership 
of  M.  Triger,  made  an  admirable  section  across  the  older  rocks  to 
the  north  of  Angers,  the  risum6  of  which  was  pubhshed  by  de  Ver- 
neuil  and  de  Loriere. 

The  following  diagram,  reduced  fi^m  their  publication^  exhibits  the 
principal  geological  features  of  the  country  between  Sill^  le  Guillaume 
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and  Sabl6,  a  distance  of  about 
twentj-fiye  English  miles,  and 
clearlj  developes  a  succession 
of  the  paleozoic  formations, 
from  the  Lower  Silurian  to 
the  Carboniferous  rocks  in- 
clusive. 

In  this  section,  the  lowest 
stratum  is  a  white  sandstone 
(1)  resting  on  a  porphyry  with 
large  red  and  white  crystals. 
The  still  more  ancient  crystal- 
line and  glossy  schists  of  Brit- 
tany are  here  wanting,  whilst 
the  lowest  visible  beds  (1  to 
6),  in  which  some  limestone 
appears,  have  not  yet  afforded 
any  fossils  to  serve  as  equiva- 
lents for  those  of  the  lower 
zon^  of  Bohemia  and  Scandi- 
navia, or  the  Lingula  flags  of 
Britain. 

The  great  schistose  and 
slaty  mass  which  follows  (Ar- 
doises  de  Parennes,  or  7  of 
the  diagram)  forms  the  in- 
ferior limit  of  Silurian  life,  as 
known  in  France.  From  its 
wide  extension  and  its  fossils, 
this  formation  (Angers  slates) 
merits  great  attention ;  for  it 
is  doubtless,  as  M.  deVemeuil 
states,  the  representative  of 
the  Llandeilo  rocks  of  Britain, 
of  the  second  zone  of  M.  Bar- 
rande  in  Bohemia,  and  of  the 
Orthoceratite  limestones  of 
Scandinavia,Eussia,  and  North 
America.  It  is,  in  fact,  the 
dominant  member  of  the  rocks 
termed  Lower  Silurian  by  all 
the  authors  who  have  de- 
scribed them  in  those  coun- 
tries. 
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The  slatj  masses  of  Brittany  are  characterized,  like  their  equivalents 
elsewhere,  bj  a  profusion  of  trilobites.  Unfortunately  these  crustaceans 
are,  for  the  most  part,  much  flattened  and  distorted ;  but  the  following 
species  have,  notwithstanding,  been  recognized ;  some  of  them  having 
been  long  ago  figured  hj  Guettard  and  Brongniart* : — 

Calymene  Tristan!,  Brong. ;  C.  Arago,  Bouault;  C.  Vemeuili,  Bouatdt; 
Asaphufl  Guettardi;  Brong.;  Ogygia  Desmaresti,  Brong. ;  ninnuB  giganteuB, 
Burm.  (the  last  two  are  gigantic  species) ;  111.  Beaumonti,  Bouanlt;  Acidaspis 
Buchii,  Barr. ;  Phacops  (Dalmamda)  socialis,  Barr. ;  P.  Ihijardini,  Kouault; 
Placoparia  Toumemini,  Kouault ;  Cheirurus  claviger^  Beyr. ;  Lichas  Hebefti^ 
Kouault;  Trinudeus  Pongerardi,  Rouaultty  &c. 

Mollusks  are  scarcer  than  trilobites ;  the  well-known  British  species, 
Bellerophon  bilobatus  (Sil.  Syst.),  is,  however,  not  unfrequent.  But,  as 
a  rule,  few  of  the  species  of  Crustacea  or  of  shells  are  the  same  as  those 
of  Britain,  while  many  are  identical  with  the  fossils  of  this  age  in  Spain 
and  Bohemia. 

These  Lower  Silurian  schists,  in  which  graptoHtes  also  occur,  traverse 
an  extensive  tract,  as  may  be  seen  by  referring  to  the  geological  map  of 
France,  and  crop  out  near  the  harbour  of  Brest  in  the  Bay  of  Crozon, 
where  de  Yemeuil  has  detected  in  them  the  Calymene  Tristani.  The 
deposit  affords  the  best  roofing-slates  at  Angers,  where  the  quarries  are 
300  to  400  feet  deep.  There  the  lines  of  original  deposit  and  the 
laminsB  of  cleavage  coincide.  In  fact,  the  remains  of  the  included  tri- 
lobites occur  along  the  division  by  which  the  highly  inclined  slates  are 
cleaved ;  a  phenomenon  rarely  observed  in  Britain,  where  the  cleavage 
is  usually  oblique  to  the  bedding.     (See  p.  82.) 

The  peninsula  of  the  Cotentin  also  contains  these  trilobite  schists, 
near  Siouville,  and  in  that  tract  the  late  M.  de  G^rville  collected  their 
fossils,  including  Calymene  Tristani. 

That  species  has  recently  been  found  in  the  hill  of  La  Boule  near 
Cherbourg,  in  slates  which  underlie  the  hard  siliceous  sandstones  so 
largely  employed  in  the  construction  of  the  great  breakwater  of  that 
port ; — crocks  which,  according  to  de  Vemeuil,  are  the  exact  equivalents, 
in  age  as  well  as  in  lithological  structure,  of  the  Caradoc  sandstone. 

The  lower  slaty  rocks  of  Llandeilo  age  are  likewise  succeeded  in  La 
Sarthe  by  an  arenaceous  group,  represented  by  8  and  9  of  the  previous 
woodcut.  Li  general,  this  division  exhibits,  in  ascending  order,  con- 
glomerates, white  and  reddish  siliceous  sandstones,  with  some  subordi- 
nate beds  of  ''  ampelite"  schists  containing  GraptoHtes,  chiefly  the  G. 
colonus  and  the  G.  testis  of  Barrande.  The  position  of  these  beds  is 
probably  the  same  as  that  of  the  graptoHte  schists  of  Dalecarlia  and 
parts  of  Sweden.    They  agree  also,  according  to  de  Yemeuil,  with  the 

*  CniBtao^  FoBBilfls.    Farie,  1822. 

t  Be  Vemeuil  and  Bonault,  Bull.  Soc.  G^L  Fr.  2nd  ser.  vol.  iv.  p.  820. 
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gieat  BchiBtose  member  of  tbe  American  Silurians  called  the  ^*  Hudson 
Biver  group,"  which  is  equally  characterized  by  graptolites,  and  overlies 
the  Trenton  limestone  or  Llandeilo  flags,  the  equiyalents,  as  above  said, 
of  the  slates  of  Angers.  As  to  the  siliceous  sandstones  wherein  the 
schists  are  enveloped,  they  are  identical  with  the  rocks  of  Jurques^ 
Gahard,  and  May  in  Normandy,  placed  by  French  geologists  without 
hesitation  on  the  parallel  of  the  Garadoc  sandstone  of  Britain. 

In  some  districts  the  sandstone  is  so  ferruginous  as  to  be  the  seat  <^  iron 
mines,  and  the  ore  in  parts  is  of  an  oolitic  structure :  trilobites  are  found  in  it. 

The  sandstones  are  not  rich  in  fossils ;  but  where  I  have  examined  them  in 
company  with  M.  de  Vemeuil;  they  contain  the  British  species,  Belleiophon 
bilobatus,  with  Conularia  pyramidata,  some  species  of  Dalmannia,  Homalonotus 
Brongniarti,  and  H.  (Plesiocoma)  rara;  the  last-mentioned  fossil  occurs  also  in 
the  Lower  Silurian  of  Bohemia  and  Spain. 

Like  the  lower  and  larger  portion  of  my  original  Garadoc  formation 
in  Britain,  with  which  the  Bala  rocks  are  now  identified,  this  group  of 
sandstones  and  schists  is  also  connected  by  its  fossils  with  the  inferior 
slates. 

Overlying  the  above-mentioned  strata,  there  is,  in  France,  an  upper 
course  of  ampelite  schist,  which,  though  often  confounded  with  the 
lower,  mufft  be  separated  from  it.  These  upper  ampeHtic  schists  (II  of 
the  section),  being  black  and  occasionally  bituminous,  have,  as  usual, 
given  rise  to  wasteful  searches  after  eoal.  They  are  distinguishable 
from  the  inferior  masses  by  containing  concretions  of  black  limestone 
with  a  brilliant  fracture,  and  by  certain  imbedded  fossils.  The  most 
characteristic  remains  are  Graptolithua  priodon,  with  some  Ortho* 
cerata,  including  O.  pelagium,  O.  gregarium,  and  the  Gardiola  inter- 
rupta*.  As  this  last-mentioned  species  is  chiefly  an  Upper  Silurian 
fossil  in  Britain,  and  occurs  in  Bohemia  at  the  base  of  that  division,  it 
might  seem  fieur,  in  the  first  instance,  to  consider  this  French  deposit  as 
of  like  age.  At  the  same  time  we  must  observe,  that  Gardiola  inter- 
rupta,  on  the  presence  of  which  the  comparison  was  drawn,  is  occasionally, 
though  rarely,  found  in  the  Lower  Silurian  both  of  Britain  and  Bohemia. 
Whilst,  therefore,  this  zone  is  clearly  recognized,  through  extensive 
districts  of  France,  as  the  highest  of  the  rocks  which  are  referable  to 
the  Silurian  epoch,  it  is  by  no  means  an  equivalent  of  the  great  British 
formations  of  Wenlock  and  Ludlow.  We  must,  indeed,  recollect  that 
in  Britain,  as  in  Bohemia  and  Sweden,  such  schists,  with  Gardiola 
interrupta  and  Graptolites,  underlie  limestones  with  the  well-known 
fossils  of  Wenlock,  Dudley,  and  G-othland. 

In  France,  therefore,  the  ascending  series  of  strata  is  very  difierent 
from  that  of  Britain.     The  Upper  Silurian,  as  a  whole,  is  wanting ;  the 

*  See  an  account  of  the  extension  of  this  zone  of  ampelite  sohist^  and  its  intercalated 
minerals,  by  M.  de  Boblaye,  Bull.  Soc.  Q4o\.  France,  1  sor.,  vol.  x.  p.  227. 
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suocession  being  analogous  to  that  of  parts  of  Bussia  and  dermanj  where 
the  Lower  Silurian  is  succeeded  by  Devonian  rocks.  (See  Ch.  14, 15, 16.) 

Devoniim  J2oefo. — ^France  is  by  no  means  poor  in  Devonian  equivalents.  Nu- 
merous species  of  fbssals  derived  from  the  strata  12  and  13  of  the  foregoing 
diagram  have  been  compared  by  de  Vemeuil  with  those  of  the  lower  shelly 
greywacke  of  the  Rhine  and  the  limestone  of  the  Eifel,  and  he  has  foimd  that 
many  of  them  are  identical.  Among  these,  the  broad-winged  Spirifer  ma- 
cropterus,  the  Terebratula  Archiaci^  Granmiysia  Hamiltonensis,  and  Pleuro- 
dictyum  problematicum  are  striking  Devonian  forms,  unknown  in  any  Upper 
Silurian  rocks.  The  great  number  of  species  common  to  the  limestones  of  La 
Sarthe  *,  and  Nehouf  in  Normandy,  and  the  lower  fossiliferous  band  of  the 
Rhine,  naturally  leads  to  the  belief,  that  the  French  and  Prussian  formations 
are  contemporaneous.  If  this  view  be  adopted,  we  must  presume  that  France 
possesses  no  proper  and  fiill  equivalent  of  the  English  Middle  Devonian  limestone, 
but  simply  tixe  inferior  portion  of  the  group,  called  by  Dumont  the  "  Systdme 
Rh^nan,"  and  the  upper  member  as  seen  in  the  Boulonnais. 

Having  established  the  connexion  between  the  Devonian  rocks  of  the  West 
of  France  and  the  lower  portion  of  the  group  in  the  Rhenish  provinces,  de  Ver- 
neuil  observes,  that  in  such  a  consecutive  development  we  might  expect  to  meet 
with  some  species  which  on  the  continent  of  Europe  and  the  British  Isles  are 
considered  to  be  Silurian ;  and  such  is  the  case.  Thus,  Bronteus  Brongniarti, 
Capulus  robustus,  Terebratula  eucharis,  T.  Haidingeri,  Atrypa  reticularis,  Or- 
this  Oervillei,  Lept»na  Bouei,  L  Bohemica,  and  L.  Phillipsi  are  found  in  the 
Devonian  of  France,  and  also  in  the  uppermost  Silurian  of  Bohemia.  At  the 
same  time,  Pentamerus  galeatus,  Atrypa  reticularis,  with  the  corals  Heliolites 
interstincta,.H.  Murchisoni,  Stenopora  fibrosa,  and  Chonophyllum  peifoliatum, 
also  are  common  to  the  Upper  Silurian  of  England  or  Sweden  and  the  Lower 
Devonian  of  France. 

The  Devonian  group  of  Brittany  and  the  West  of  France  is  also 
usually  curtailed,  like  the  Silurian,  of  its  superior  members, — those 
which,  in  the  Bhenish  provinces,  are  so  fully  developed  between  the 
above-mentioned  rocks  and  the  base  of  the  Carboniferous  system. 

In  the  "  Bas  Boulonnais,"  however,  we  meet  with  a  fair  representative 
of  the  Upper  Devonian,  rich  in  fossils,  and  of  which,  in  1840  J,  I  pub- 
lished a  short  memoir.  It  is  there  immediately  overlaid  by  the  .carbo- 
niferous limestone,  and  both  of  the  formations  extend  into  Belgium 
and  the  Shenish  provinces,  occupying  the  same  relative  position  §. 

*  DeYemeidlandBouAult,a«»^«,p.483.  was  deceived  as  to  the  nature  of  a  small 

t  At  this  looalitj  abundance  of  Devonian  imperfect  body,  probably  a  coralline,  which 

foesils  were  obtained  by  the  laAe  M.  de  Gkr-  was  taken  for  a  graptolite.  BulL  Soc.  Q66L 

yille,  and  distributed  among  his  Mends.  France,  voL  xi.  p.  229.    M.  Delanoue,  who 

Both  trilobites  and  shells  are  found  there ;  has  recently  published  a  small  geological 

and  among  die  latter  are  the  common  Devo-  map  of  this  country,  has  ascertained  by 

nian  species,  Spirifer  heterodytus,  Athyris  sinkings,  that  the  Devonian  deposits  range 

oonoentrica,  and  Oalceola  fMiHi^linA^  More  underground  towards  Bethune  and  Arras. 

than  45  spedee  of  Braohiopoda  were  lately  BulL  Soc.  Qeol.  Fr.  2nd  ser.  toL  ix.  p.  899. 
found  here  by  Mr.  Davidson.  §  Mr.  Austen,  whose  former    labours 

{  At  that  time  the  exact  relations  of  the  threw  so  much  light  on  the  real  nature  of 

strata  had  not  been  determined,  and  I  the   limestones  of  Devonshire,  has  sur- 
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This  Upper  Devonian  is  everywhere  recognized  by  the  abundance  of  its 
Spirifers,  among  which  Spirifer  disjunctus,  Sow.  (Spirifer  Vemeuilii, 
mihi),  and  its  numerous  varieties  are  the  most  characteristic.  The  Fro- 
ductus  subaculeatus  and  Athyris  concentrica  are  also  frequently  found. 
The  limestone  recurs  in  different  bands  with  dolomites,  sandstone,  and 
schist,  composing  a  group  which  has  its  full  equivalent,  as  already  shown, 
in  Belgium  and  on  the  Bhine.  Like  the  Lower  Devonian  of  Brittany, 
the  rocks  in  the  Bas  Boulonnais  have  a  strike  from  the  west-north- 
west to  east-south-east,  but  are  soon  overlapped,  first  by  the  carboni- 
ferous, and  then  by  the  cretaceous  and  younger  deposits. 

Though  the  Devonian  rocks  of  France  are  of  no  great  vertical  dimen- 
sions, and  not  comparable  in  thickness  to  the  deposits  of  like  age  in 
Scotland,  England,  or  the  Bhenish  provinces,  they  are  of  considerable 
economic  importance,  particularly  in  certain  schistose  and  arenaceous 
districts  which  they  traverse,  and  where  their  limestone  is  much  used  in 
agriculture.  At  the  extremity  of  the  peninsula  of  Brittany  these  rocks 
appear  in  the  Bay  of  Brest. 

Carboniferous  Eocks  of  Brance, — Li  this  work  it  is  impossible  here  to 
convey  an  adequate  idea  of  the  Carboniferous  group,  particularly  that 
portion  of  it  as  developed  in  the  extensive  upper  coal-fields  of  France. 
The  following  few  observations  relate  therefore  only  to  the  lower  and 
calcareous  member  which  immediately  succeeds  to  the  subjacent  rocks ; 
the  great  coal-fields  of  Valenciennes  in  the  north,  and  those  of  St. 
Etienne  and  Autun  in  the  south,  being  consequently  unnoticed.  In 
the  Bas  Boulonnais,  as  before  observed,  no  gap  nor  omission  exists  in 
this  portion  of  the  series ;  for  the  Upper  Devonian  is  at  once  followed 
by  the  Carboniferous  Limestone,  with  many  of  its  large  Froducti  and 

▼eyed  thiB  district  of  the  BoulonnaiB  in  aooordinf  to  his  Tiew,  their  equivalente  in 
detail,  and  has  endeavoured  to  show  that  the  North  of  France.  (Quart.  Joum.  Geol. 
its  lowest  strata  (limestones,  dolomite,  &c.)  Soc.  vol.  ix.  p.  231.)  This  view  is,  how- 
represent  the  rocks  of  the  Eifel,  and  are  erer,  not  adopted  by  de  Yemeuil,  de 
charged  with  the  same  species  of  corals,  Koninck,  and  others,  who  continue  to  -now 
and  many  of  the  same  mouusks,  which  are  the  chief  masses  of  the  Boulonnais  as 
BO  well  known  in  Devonshire  and  on  the  Upper  Devonian. 

Continent.  The  overlying  calcareous  Mr.  Aust«n  has  successfully  dwelt  upon 
courses  with  shale  he  considers  to  be  the  complete  conformity  and  passage  up- 
equivalents  of  the  Upper  Devonian  as  wards  of  these  Devonian  rocks  of  the 
cjdiibited  at  Pethcrwin  (see  pp.  294, 299) ;  North  of  France  into  the  lower  carbo- 
the  comparison  being  further  sustained  by  niferous  strata  with  their  two  bands  of 
a  description  of  certain  flag-like,  light-  limestone  and  interstratified  seams  of  coal, 
coloured  sandstones,  charged  with  pliuite,  and  has  made  some  ingenious  theoretical 
and  the  same  9|)ecies  of  Cuculliea — C.  tra-  suggestions,  founded  on  the  presumed  omis- 
pezium  and  C.  Hardingii,  Sow. — as  the  sion  of  the  intermediate  secondary  rocks, 
yellow  sandstones  of  Marwood  and  Baggy  respecting  the  probable  extension  west- 
Point  in  North  Devon,  which  sandstones  wards,  even  perhaps  to  England,  of  these 
constitute  one  of  the  upper  members  of  beds  of  coal  (which  have  already  been 
the  Devonian  rocks.  Mr.  Austen's  section  opened  out  near  St.  Omer),  so  that  they 
docs  not  exhibit  any  representative  of  the  may  eventually  be  found  breath  the  ter- 
Spirifer-Sandfltein  or  Lower  Devonian  of  tiarf  and  cretaceous  deposits  of  the  London 
the  Rhine.  But  the  rest  of  the  Devonian  basm.  (See  Quart.  Joum.  Qeol.  Soc  Lond. 
rocks  of  the  Bhine  and  Belgium   luive,  vol.  xii.  p.  38  et  teq.) 
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other  typical  foasila.  But  in  Brittany  and  the  West  of  France,  the 
lower  carboniferous  deposits  rest  at  once  upon  the  Lower  Deyonian ; 
as  is  seen  between  Sabl^  and  Juign6  (p.  434),  and  at  the  coal-pits  of 
Eerc^.  The  anthracitic  group  of  the  department  of  the  Sarthe  (14, 15, 
16,  of  the  preceding  section)  is  composed  of  conglomerates,  sandstones, 
shale,  coal,  and  limestone,  all  unquestionably  belonging  to  the  Carboni- 
ferous series,  of  which  they  constitute  a  lower  member.  In  the  "West 
of  France,  as  at  St.  Pierre-krcour,  between  Laval  and  Bennes,  they  are 
unconformable  to  the  supeijacent  coal-fields. 

A  like  physical  arrangement  has  already  been  alluded  to  as  occurring 
throughout  Germany.  True  carboniferous  limestone,  with  large  Pro- 
ducti,  was  described  by  Professor  Sedgwick  and  myself  at  Hof,  in 
Bavaria*,  as  being  there  inclined  conformably  with  the  Devonian,  on 
which  it  rests,  and  imconformably  to  the  horizontal  coal-fields  of 
Bohemia.  Similar  physical  relations  led  £.  de  Beaumont  to  group  the 
inferior  carboniferous  division  with  the  lower  paleozoic  rocks  to  which 
it  is  conformable,  though  their  respective  organic  remains  are  so  very 
distinct.  The  geologist,  who  combines  stratigraphical  with  zoological 
evidences,  is  therefore  bound  to  state,  that  the  dislocations  of  the  older 
rocks  on  the  Continent  have  occiurred  at  periods  different  from  those  of 
formations  of  the  same  age  in  Britain  and  America.  In  both  the  latter 
countries  the  great  supeijacent  coal-fields  ha/ve  partaken  of  the  move- 
ments which  affected  the  limestones  whereon  they  rest.  Thus  we  are 
still  further  confirmed  in  the  belief,  that  all  fractures  of  the  crust  of  the 
earth  are  local  phenomena  only.  ' 

Ajs  the  strata  containing  large  Producti  (Sabl^,  Feic^,  Juign^,  La  Bazouge, 
&C.)  were  shown  to  be  truly  of  carboniferouB  age,  their  fossils  being  absolutely 
those  of  the  mountain  limestone  of  England,  it  followed  that  many  other 
considerably  metamorphosed  rocks  in  the  south-east  of  France,  but  in  which 
such  fossils  were  detected,  must  also  be  referred  to  the  same  era  of  formation. 
Thus  de  Vemeuil  and  Jourdan  have  proved,  that  the  schists,  slates,  and  quartz 
rocks  of  Central  and  Eastern  France,  particularly  in  the  department  of  the 
Haute  Loire  (Boanne  to  Lyon),  which,  from  their  crystalline  aspect,  had  been 
grouped  with  those  of  a  much  older  epoch,  are  clearly  to  be  dassed  with  the 
Carboniferous  rocks.  Though  in  parts  highly  altered,  and  having  a  very 
antique  and  crystalline  aspect,  they  have  been  foimd  to  contain  the  well-known 
fossils  of  the  Coal  period,  Productus  Cora,  Chonetes  papilionacea,  Spirifer  bi- 
sulcatns,  Orthis  crenistria,  Goniatites  diadems,  &c. 

It  was  in  the  northern  extension  of  this  chain  of  hills  from  Thiers  to  Cusset 
near  Vichy,  where  the  schists  have  a  stiU  more  ancient  character  and  are  pierced 
by  numerous  porphyries  and  syenitic  rocks,  that,  by  the  help  of  a  few  fossils,  I 
was  enabled  to  satisfy  myself  that  the  slaty  rocks  on  the  banks  of  the  Sichon  also 
belonged  to  the  Carboniferous  erat< 

*  Trans.  Geol.  Soo.  Lend.,  2nd  series,  vol.  Ti.  p.  298.  pi.  23.  f.  15. 
t  Quart.  Joum.  CfeoL  Soc.  Lond.  vol.  vii.  p.  13. 
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The  Permian  rocks  of  France  may  be  disposed  of  in  few  words,  for 
they  are  very  inadequate  representatives  of  the  diversified  and  complex 
assemblage  of  strata  which  constitute  the  Permian  of  Srussia,  Germany, 
and  Britain.  The  lower  portion  of  a  series  of  red  rocks  in  the  Voices 
Mountains,  usually  known  as  the  ''  Qr^  des  Yosges,"  is  oonadered  by 
E.  de  Beaumont  and  myself  to  be  of  this  fige ;  and  it  has  also  been 
shown  how  other  red  sandstones,  near  Lod^ve  in  the  South  of  Erance, 
may  firom  their  plants  be  classed  as  Permian.  Professor  Coquand  has, 
however,  recently  described  a  suoeession  of  strata  in  the  same  tract, 
which  he  also  views  as  being  of  Permian  age* ;  thus  confirming  the 
opinions  of  M.  Adolphe  Brongniart  and  the  authors  of  '  Sussia  and  the 
Ural  Mountamst.'  But  nowhere  within  the  limits  of  the  country  is 
there  any  limestone  to  represent  the  great  calcareous  centre  or  Zech- 
stein,  and  the  group  is  therefore  wanting  in  those  animal  remains  which 
constitute  its  essential  distinctions. 

In  the  hard  and  subcrystalline  rocks  of  the  South  of  France,  which 
lie  to  the  south  of  the  great  granitic  plateau  of  that  region  (i.  e,  the 
Montague  Noire,  between  Lod^ve  and  Pezenas),  no  clear  succession  of 
the  older  rocks  has  been  determined,  and  until  very  recently  they  were 
considered,  to  a  great  extent,  unfossiliferous. 

Within  these  few  yean,  however,  MM.  Foumet  and  QnS  discoveied  at 
Neffiez  near  Pezenas  t  a  veiy  singular  small  oasis,  in  which  there  occur  thick 
masses  of  green  slate  with  large  Lower  Silurian  Asaphi,  succeeded  by  other 
beds  laden  with  several  characteristic  Lower  Silurian  fossils,  whilst  higher 
strata  contain  Cardiola  interrupts  and  Graptolites.  Then  there  are  red  lime- 
stones charged  with  unequivocal  Upper  Devonian  types,  as  recognized  by  de 
Vemeuil;  these  are  Goniatites  amblylobus  and  Cardium  palmatum  of  West- 
phalia, Nassau,  and  the  EifeL  This  rgck  is  also  identical  with  the  ^'marbre 
griotte"  of  the  Pyrenees,  which  the  lamented  Leopold  von  Buch  classed  as 
Devonian.  Again,  we  have  in  this  one  little  spot,  true  carboniferous  deposits ; 
for,  though  there  are  only  a  few  beds  of  their  lower  members,  the  fossils  are  un- 
equivocal; viz.  Productus  gigas,  P.  semireticulatus,  Euomphalus  acutus,  Caninia 
gigantea,  &c.    The  series  is  even  terminated  by  some  workable  beds  of  coaL 

Such,  says  de  Vemeidl,  is  the  paleontological  order  of  the  strata,  if  we  look 
only  to  the  fossUs,  and  compare  them  with  those  of  aU  other  known  countries  in 
the  world. 

But,  whilst  this  is  the  universal  and  normal  order  in  America,  Asia^ 
and  Europe,  these  members  of  the  series,  so  distinct  elsewhere,  were  at 
one  time  supposed  to  be  physically  intermixed  at  this  little  anomalous 
spot  of  Neffiez !  But  MM.  Foumet  and  Oraff,  who  had  called  atten- 
tion to  this  apparent  intermixture  of  Silurian,  Devonian,  and  Carbo- 
niferous fossils,  no  longer  maintain  the  opinion  they  at  first  expressed. 

*  Bull.  Soo.  Gi^oL  France,  2nd  series,  vol.  xii  p.  128 ;  and  xir.  p.  18. 

t  See  '  Bussia  and  the  Ural  Mountains,'  voL  L 

X  Bull.  See.  G^l.  France,  2nd  series,  vol.  viii.  p.  44. 
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In  fact,  the  tract  has  manifestly  been  subjected  to  violent  dislocations, 
and  my  associate  de  Yemeuil  has  always  thought,  that  the  apparent 
anomaly  is  due  to  one  of  those  inyersions  or  reversals  known  in  the  Alps, 
America,  and  many  other  regions,  and  to  which  I  have  already  called 
attention  in  my  remarks  on  Britain  and  Germany  (pp.  107, 160,  428). 

The  paleozoic  formations  again  protrude  to  the  surface  in  the  Corbi- 
^res  to  the  south  of  the  plains  of  Languedoc,  and  rising  from  beneath 
the  younger  deposits,  they  also,  as  has  been  long  known,  form  a  cen- 
tral portion  of  the  PyTenees.  In  that  chain,  the  altered  limestones, 
or  *'  Marbres  Griottes  *,"  which  occur  as  concretionary  masses  in  the 
schists,  and  are  charged  with  goniatites,  are  unquestionably  Devonian. 
The  schists  of  G^dre,  between  St.  Sauveur  and  Ghivamie,  and  also  at 
Les  Eauz  Bonnes  and  other  places  noticed  by  M.  Leymerie  f,  contain 
other  fossils  of  the  same  age. 

Just  as  in  the  Eastern  Alps,  the  Ural,  and  many  mountain-chains 
which  have  undergone  much  metamorphism,  the  observer  fiuls  to  detect 
here  the  equivalents  of  the  Lower  Silurian  Bocks  t*  But  in  a  few  spots, 
the  Pyrenees  afford  traces  of  one  member  of  the  system,  as  characterized 
by  Graptolites,  Gardiola  interrupta,  and  the  Orthoceras  Bohemicum  and 
O.  gregarium, — ^fossils  which  have  already  been  spoken  of  as  probably 
representing  the  base  of  the  Upper  Silurian  division.  In  the  absence 
then  of  Lower  Silurian  rocks,  the  Pyrenees  present  a  strong  contrast 
to  the  "  Montague  !Noire,"  near  Neffiez,  where  some  of  the  largest  tnlo- 
bites  of  that  age  have  been  found. 

Paleozoic  Rocks  in  Spain,  Portugal,  and  Sardinia. — ^To  the 
south  of  the  great  chain  of  the  Pyrenees,  where  several  of  their 
formations  occur  in  a  more  or  less  crystalline  state,  the  Lower 
Paleozoic  or  Silurian  rocks  have  much  the  same  development  as  in 
France.  Our  acquaintance  with  the  order  of  these  rocks  in  Spain 
is  chiefly  due  to  the  researches,  during  the  last  five  years,  of  my 
colleague  de  Vemeuil.  For,  whilst  it  is  true  that  living  Spanish 
and  French  geologists  and  mineralogists  of  ability,  such  as  Ezquerra 
del  Bayo,  Casiano  de  Prado,  Schultz,  and  Paillette,  had  made  them- 
selves well  acquainted  with  the  physical  and  lithological  features  of 
many  tracts  in  which  the  older  rocks  prevail,  and  that  an  eminent 
French  mining  engineer,  Le  Play,  had  published  a  sketch  of  the 
mineral  structure  of  the  Sierra  Morena,  it  was  only  by  a  personal 
examination  of  the  imbedded  fossils  of  the  strata  in  each  chain, 

•  This  **marbregriotte*'oftheya]lejof  neuil  would  lead  ub  to  suppose  that  the 

Oampan  is  well  described  by  M.  Dufr&ioy.  rocks  near  Les  Eaux  Bonnes  belong  to 

t  See  Bull.  Soc.  €^1.  France,   1866,  the  Lower  Deronian. 

whera  the  list  of  fossils  given  by  M.  de  Yer-  %  Bull  Soc.  0^1.  Fr.  2  s^r.  toL  i.  p.  187. 
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that  the  relative  age  of  the  rocks  was  at  length  fixed^  and  correct 
comparisons  established^. 

A  glance  at  the  map  shows  that  the  Peninsula  is  marked  bjr 
dominant  chains  of  momitains  more  or  less  parallel^  trending 
from  west-south-west  to  east-north-east^  and  separated  from  each 
other  chiefly  by  enormous  basins  of  tertiary  age^  which^  though  at 
much  lower  levels^  are  still  at  considerable  heights  above  the  sea, 
and  constitute^  on  the  whole^  what  Humboldt  has  termed  a  great 
plateauf. 

Let  us  first  say  a  few  words  on  the  chief  central  ridge  of  the  kingdom, 
the  Guadarama,  which  passes  to  the  north  of  Madrid.  Casiano  de 
Frado,  the  zealous  Spanish  geologist,  who  is  charged  with  the  execution 
of  the  geological  map  of  the  province  of  Madrid,  has  shown  that  the 
gneiss  and  other  crystalline  schists  and  subordinate  limestones  are 
pierced  by  granites,  and,  being  much  altered,  rise  to  heights  exceeding 
7000  feet.  These  are  flanked  by  schists  and  siliceous  sandstones,  which 
are  classed  as  Lower  Silurian,  because  they  contain  the  Gruziana  or  Bi- 
lobites,  a  fossil  which  occurs  in  rocks  of  that  age  in  France  and  Britain. 

A  suggestion  has  indeed  been  made  by  Barrande,  from  an  inspection 
of  three  imperfect  heads  of  the  trilobite  Ellipsocephalus,  collected  by 
Casiano  de  Prado,  that  the  primordial  zone  is  also  present  in  the  Penin- 
sula. However  this  may  be,  other  Silurian  rocks  of  the  lower  division, 
and  more  clearly  determinable  as  such  by  their  fossils,  exist  in  the 
Sierra  Morena,  and  partially  in  the  mountains  of  Toledo  and  those  of 

*  This  obseiTation  has  reference  solely  and  is  oompletmg  a  beautifbl  map  of  the 

to  the  order  and    classification    of   the  Astunas.    The  tracing  of  Silurian  rocks 

stratified  rocks ;  for,  in  reference  to  mine-  into  the  Toledo  Mountains  is  due  to  the 

ralogy  and  other  departments  of  geological  sealous  researches  of  M.  Oasiano  de  Prado, 

science,  a  vast  number  of   works    and  to  whom  we  also  owe  the  proofs  that  the 

memoirs  have  been  written  in  the  last  quicksilyer    mines    of   Almaden   are  in 

century,  by  natiye  and  foreign  authors.  Lower  Silurian  rocks.     Many  of  the  fossils 

See  de  Yemeuil  and  Collomb,  Coup  d'ceil  (chiefly    Deronian^  from  the   "Sorth.  of 

Bur  la  Ck>nstitution  G^logique  de  quel-  Spain  were  first  found  by  M.  Paillette^ 

ques  Proyincee  de  TEspagne,  Appendice  wnoee  description  of  the  rocks  of  that  age 

Bibliographiaue,  BulL    Soc.    GeoL    Fr.,  is  given  in  the  Bull.  Soc  G^l.  France^ 

2nd  ser.,  toI.  x.  p.  188,  where  a  yery  yoL  ii.  p.  4S9.    A  sketch  of  a  geological 

copious  list  of  authors  is  giyen,  comprising  map  of  Spain  was  also  published  by  M. 

upwards  of  160  publications  in  the  last  Ezquerra  del  Bayo    in    Leonhard    and 

hundred  years.    At  the  meeting  of  the  Bronn*s  Jahrbuch,  1851.      In  his  last 

British  Association  for  the  Adyancement  of  excursion  M.  de  Yemeuil  was  accompanied 

Science  in  1860,  I  presented,  on  the  part  by  M.  Collomb,  who  has  hkewise  giyen  a 

of  M.  de  Yemeuil,  what  I  beliere  to  haye  sketch  of  the  general  views  they  then 

been  the  first  geological  map  of  the  whole  acquired  of  the  structure  of  the  Peninsula, 

Peninsula,  accompanied  by  a  short  notice,  in  the  Biblioth^ue  Uniyerselle  de  Qe- 

Since  that  time  my  colleague  has  twice  n^e. 

revisited  Spain.    The  hish  antiquity   of        f  The  mean  altitude  of  the  Plateau  of 

the  crystalline  rocks  of  Gidlicia  is  affirmed  Old  Castile,  for  example,  is  frY>m  2150  to 

on  the  authority  of  M.  Schults,  who  has  2200  English  feet,  and  that  of  New  OsstOe 

made  a  geological  map  of  that  province,  about  800  feet  less. 
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Airagon.  In  crossing  the  Sierra  Morena  from  Almaden  on  the  south 
to  CordoYa  on  the  north,  de  Yemeuil  recognized  an  ascending  order. 
The  inferior  strata  consist  of  schists  and  some  intercalated  dark  lime- 
stones, with  quartzose  sandstones;  the  latter  not  unlike  the  British 
Stiper  Stones.  (See  p.  39.)  These,  being  the  hardest  and  least  de- 
composable portions  of  the  strata,  form  the  summits  or  peaks  of  the 
low  ridges,  and  clearly  exhibit  the  strike  or  range  of  the  masses,  which 
is  from  east  l(f  north,  and  west  10°  south.  The  celebrated  quicksilver 
mines  of  Almaden  occur  at  the  foot  of  one  of  the  quartzose  ridges  of 
this  age,  as  determined  by  M.  Casiano  de  Prado*,  who  has  published  in 
the  'Bulletin*  of  the  Geological  Society  of  France  (vol.  xii.  p.  182)  a 
geological  map  of  this  tract.  The  same  zealous  explorer  has  also  traced 
the  continuity  of  Lower  Silurian  rocks  from  the  Sierra  Morena  into 
Ghallicia ;  the  range  passing  through  Estremadura  and  by  the  Sierras  of 
Gata  and  Francia.  Most  of  the  mountains  which,  extending  from  S.  to 
N.,  form  the  boundary  between  Spain  and  Portugal,  may  thus  be  con- 
sidered to  be  of  the  same  age.  The  Lower  Silurian  rocks  of  the  Sierra 
Morena  range  eastwards  to  the  city  of  Alcarraz,  where  they  subside 
under  the  secondary  formations  of  Murcia.  The  long  chain  of  the  Sierra 
Morena,  which  extends  from  Alcarraz  to  Cape  St.  Vincent,  is  separated 
from  the  metamorphic  and  crystalline  coast-range  of  the  Mediterranean 
by  a  mountainous  country  composed  of  secondary  and  tertiary  rocks. 
The  age  of  this  coast-range,  of  which  the  Sierra  Nevada  is  so  prominent  a 
feature,  is  still  doubtful.  One  of  the  mineral  characteristics  of  that  lofty 
region  is,  that  it  contains  immense  masses  of  limestone  which  occasion- 
ally are  dolomitic,  and  rise  into  lofly  peaks,  unlike  any  portion  of  the 
outline  in  the  Silurian  and  Devonian  rocks  of  the  Sierra  Morena.  It 
has  indeed  been  suggested  by  M.  PeUico,  that  the  southern  coast-chain 
may  be  of  Silurian  age,  on  account  of  the  existence  of  very  imperfect 
orthoceratites  and  corals.  Judging,  however,  from  the  mineral  struc- 
ture of  the  deposits  and  the  nature  of  the  greenstones  which  intrude 
into  them,  M.  de  Yemeuil  is  disposed  to  think  that  these  metamorphosed 
rocks  vnll  prove  to  be  of  Triassic  age.  It  is  well  known  that  these 
rocks  are  the  sites  of  some  of  the  richest  mines  of  argentiferous  galena^ 
particularly  near  Carthagena,  in  the  Sierra  Almagrera,  as  well  as  in  the 
Sierra  di  Gador  and  at  the  foot  of  the  Sierra  Nevada. 

The  fossils  found  in  the  Sierra  Morena  and"  the  Toledo  Mountains 
occur  usually  in  black  shivery  schist.  The  most  prevalent  is  perhaps 
the  Calymene  Tristani ;  but  recently  many  other  well-known  French 
forms  of  trilobites,  in  all  about  twenty  species,  have  been  detected  f, 

*  The  mercury  of  Almaden  is  said  not  still  more  remarkable  in   the  Asturias, 

to  form  veins,  but  to  have  impregnated  where  mines  of  mercury  are  worked  in 

the  yerti<»l  strata  of  quartzose  sandstone  coal  strata. 

associated  with  carbonaceous  slates.    The        f  In  an    examination  by  Casiano  de 

occurrence  of  mercury  with  such  rocks  is  Prado,  Eusebio  Sanchez,  and  E.  de  Yer- 
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including  Ulieuus  LusitanicuB?  or  I.  Salteri,  Assphus  nobilis,  Calj- 
mene  Tristani,  C.  Arago,  Phacops  sodalifl,  P.  Ihijardini,  Dalmannia 
socialis,  and  D.  Pbillipai,  Barr.;  Trinudeus  Goldfussi,  Barr.;  Homalo- 
notus  (Resiocoina)  ranis,  Placoparia  Toumemini,  Orthoceras  duplex, 
Bellerophon  bilobatus,  Bedonia  Deshajesiana,  &c. ;  also  occasionallj 
Ghraptolites  have  been  discoyered,  of  species  well  known  in  Brittany, 
Normandy,  Bohemia,  and  Saxony. 

Now,  whilst  most  of  these  fossils  are  also  found,  as  has  been  stated, 
in  the  slaty  schists  of  Angers  and  Yitr^,  in  France,  which  the  French 
geologists  have  mapped  as  Lower  Silurian,  seyeral  are  identical  with 
Bohemian  species,  published  as  of  the  same  age  by  Barrande.  It  is  also 
well  worthy  of  notice,  since  the  fossils  generally  resemble  so  much  those 
of  Central  Europe,  that  the  very  common  British  species,  Bellerophon 
bilobatus,  and  the  remarkable  cephalopod,  Orthoceras  duplex  (so  charac- 
teristic of  the  Lower  Silurian  fauna  of  Scandinavia  and  the  North  of 
Europe),  should  also  be  found,  as  M.  de  Yemeuil  remarks,  in  this 
southern  parallel.  Some  of  the  Silurian  fossils  enumerated  were  first 
discovered  by  M.  Casiano  de  Prado,  near  Molina,  in  Arragon.  They 
have  subsequently  been  there  traced  by  the  same  geologist,  and  also 
along  the  eastern  borders  of  New  Castile,  where  they  occur  in  black 
graptolite  schists  which  jut  out  firom  beneath  the  secondary  deposits. 
These  Silurian  schists  have  further  been  followed  by  the  same  author  in 
the  mountains  of  Checa,  Horca,  Origuela,  and  Monterde. 

K  any  Upper  Silurian  rocks  can  be  said  to  exist  in  Spain,  they  consist, 
as  in  France,  only  of  thin  courses  of  black  schist,  with  spheroidal 
calcareous  concretions  in  which  Graptolites  occur,  together  with  the 
Orthoceras  Bohemicum  and  O.  styloideum  of  Barrande,  and  the  British 
Cardiola  interrupta.  Such  rocks,  faintly  exhibited  in  parts  of  the 
Sierra  Morena,  are  also  seen  on  the  south  flank  of  the  PTrenees,  near 
Ogasa  and  San  Juan  de  las  Abadesas,  where  they  are  recognized*  by  the 
presence  of  Cardiola  interrupta  and  Orthocerata.  It  is  also  supposed 
that  a  band  of  siliceous  limestone  pierced  by  elvansy  or  granitic  dykes, 
and  which  extends  along  the  south  side  of  the  chain  firom  G^rona,  by 
Hostabrich,  to  Barcelona,  may  be  referred  to  the  same  age ;  Orthocerata 
having  been  found  in  it  near  the  last-mentioned  city  by  Mr.  Pratt,  who 
has  explored  large  tracts  in  Spainf. 

Devonian  Bocks  in  Spain. — Devonian  rocks  are  developed  in  the 
Sierra  Morena  north  and  south  of  Almaden,  and  occur  in  several  repe- 

neuil.      For   detaiU   see  the  memoir  of  they  haye  been  quoted  by  Prof.  Leymerie, 

Casiano  de  Prado,  de  Yemeuil,  and  Bar-  from  near  St.  B^t  on  the  north  side 

rande.   Bull.  Soc.  G^l.  Fr.  2  ser.  yoL  zii.  of  the  Pyrenees,  and  tb^  exist  also  in 

p.  964.  Sardinia. 

•  By  M.  de  Vemeuil  and  M.  de  Lori^.  f  For  Mr.  Pratt's  notice  of  the  Ortho- 

The  fossils  near  San  Juan  de  las  Abadesas  oerata,  see  Quart.  Joum.  QeoL  Soc.  Lond. 

were  discovered  by  M.  Amalio  Maestre ;  yol.  viii.  p.  270. 
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titions  troughed  by  Lower  Silurian  rocks ;  the  fossils  lying  generally  in 
sandstones,  or  in  small  bands  of  impure  limestone.  The  most  charac- 
teristic species  are :  Froductus  subaculeatus,  Leptsna  Dutertrii,  Spirifer 
Yemeuilii,  S.  Archiaci,  S.  Bouchardi,  Orthis  striatula,  Terebratula  reti- 
cularis, T.  Orbignyana,  T.  concentrica,  Fhacops  latifrons,  ^.  All  these 
but  one  (Terebrat.  Orbignyana)  are  common  fossils  at  Boulogne ;  and 
there  are  many  others  which  are  well  known  in  French  and  German 
localities,  besides  some  species  peculiar  to  Spain.  In  the  southern  parfcs 
of  Cuenca,  near  Hinarejos,  de  Vemeuil  and  CoUomb  also  detected  de- 
posits containing  Lower  Devonian  fossils,  including  the  Spirifer  ma- 
cropterus  of  the  Ehine* ;  and,  in  1862,  the  equiyalent  deposits  were 
traced  at  the  eastern  extremity  of  the  Ghiadarama  range  between 
Atienza  and  Siquenza,  by  de  Yemeuil  and  de  Lori^re. 

Whilst  the  western  parts  of  the  Sierra  Cantabrica,  extending  from 
the  high  road  from  Leon  to  Oviedo,  are  now  known  to  be  composed  of 
quartzose  and  schistose  strata  of  Silurian  age,  M.  C.  de  Prado  having 
detected  graptolites  in  them,  the  medial  part  of  this  chain  presents  a 
very  rich  development  of  Devonian  deposits.  These  rocks  consist  of  red 
sandstone,  shale,  and  grey  limestones,  which,  owing  to  powerful  disloca- 
tions, assume  bold  and  peaked  forms,  visible  at  great  distances  frx)m  the 
plains  of  Castile.  They  are  as  prolific  in  mineral  wealth  as  in  organic 
remains ;  the  iron  of  Mieres  and  Sabero  being  extracted  from  themf* 
Thanks  to  the  labours  of  Schultz,  Gasiano  de  Prado,  Paillette,  de  Yer- 
neuil,  and  d'Archiac,  the  successive  formations  of  these  countries  are 
now  becoming  much  better  known. 

Qurboniferoua  Bocks  of  Spain. — Proceeding  to  the  east,  the  Devonian 
rocks  of  the  Sierra  Cantabrica  are  succeeded  in  the  Asturias  by  the 
richest  coal-field  in  Spain.  Its  lower  beds  consist  of  massive  lime- 
stones, having  so  much  resemblance  to  the  Devonian  rocks  on  which 
they  lie,  that,  except  for  their  respective  organic  remains,  they  could 
with  difficulty  be  separated.  The  fossils  are,  however,  decisive  of  the 
superior  rock,  for  among  them  are  several  well-known  British  species  of 
Productus,  such  as  P.  semi-reticulatus,  together  with  Spirifer  Mosquen- 
sis,  and  even  Pusulina  cylindrica,  the  characteristic  foraminifer  of  the 
carboniferous  limestone  of  Bussia.    Above  these  masses,  beds  of  coal 

*  M.  de  Yemeuil  has  identified  nearly  chiac ;  Bull.  Soc.  Gt46L  Fr.,  2nd  terieB, 

80  Deronian  species,  from  Sabero  in  Leon,  toL  ii.  p.  4i39.    3rd, '  Snr  les  Enyirons  de 

and    from    Ferronee  and  Avilee  in  the  Sabero  (LeonV  par  Gasiano  de  Prado  et 

Asturias,  which  ou^ht,  he  says,  to  be  de  Yemeuil;  Bull.  Soo.  Gh^L  Fr.  2nd  ser. 

places  of  pilgrimage  n>r  all  collectors.     Of  vol.  vii.  p.  187. 

the  works  on  this  region,  see,  Ist,  *Besena        f  Though  the   coal  of  Sabero  is  ap- 

geognostica  de  principado  del  Asturias,  parewtUf  included  among  the  Devonian 

vistaso  geolog.  sobre  Gantabria,'  per  G.  rocks,  M.  Gasiano  de  Prado  thinks  that 

Schultz,  Insp.  Gen.  de  Minas.    2na, '  Be-  this  appearance  may  be  due  to  inyersion 

cherches  sur  queLqu'unee  des  r6ohes  des  and  folding  of  the  various  strata ;    so 

Asturies,  et  les  fossiles  qu'eUes  contien-  much  has  this  paleozoic  tract  been  con- 

nent,'  par  Paillette,  de  Vemeuil,  et  d*Ar-  yulsed. 
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first  begin  to  alternate  with  other  and  smaller  courses  of  limestone ; 
and  therefore  in  Spain  as  in  Bussia,  and  usually  in  Scotland,  the  car- 
bonaceous portion  is  subordinate  to  the  lower  member  of  the  group. 
Then  follow  conglomerates  and  sandstone  with  fossil  plants,  said  to 
have  a  thickness  of  10,000  feet,  and  which,  probably  representing  the 
millstone  grit  of  Britain,  are  copiously  charged  with  coal ;  about  eighty 
beds  of  it  having  been  recognized  in  strata,  for  the  most  part  vertical. 

The  limestones  that  form  the  inferior  limit  of  these  carboniferous 
deposits  truly  vindicate  the  propriety  of  the  old  English  name  Moun- 
tain Limestone,  for  they  rise  to  the  highest  points  of  the  Cantabrian 
chain,  and  constitute  the  mountains  of  Cabrales  and  Cobadonga,  as 
well  as  the  Peaks  of  Europe  (Picos  de  Europa).  They  also  advance  to 
the  sea  near  Eibadesella,  and  penetrate  on  the  east  into  the  provinces 
of  Santander  and  Palencia*.  The  last-mentioned  of  these  provinces  has 
during  the  last  three  years  undergone  a  special  and  laborious  survey  by 
M.  Casiano  de  Prado,  who  is  about  to  publish  a  map  founded  on  his 
trigonometrical  observations,  which  must  prove  of  signal  advantage  to 
this  rich  mining  region.  The  same  untiring  and  successful  explorer  has 
demonstrated,  that  in  no  other  part  of  Spain  is  the  carboniferous  lime- 
stone so  rich  in  fossils,  inasmuch  as  he  has  detected  at  least  100  species 
in  this  one  tract. 

The  carboniferous  deposits  of  the  Sierra  Morena  range  along  the 
southern  part  of  that  chain.  Like  similar  formations  in  the  north  of 
Spain,  their  lower  beds  generally  contain  limestones,  in  which  occur  the 
same  species  of  Productus  and  many  marine  fossils  that  are  known  in 
other  regions.  The  coal  is  chiefly  associated  with  overlying  conglome- 
rates and  sandstones ;  some  of  it,  however,  as  in  the  Asturias,  is  said  to 
lie  in  the  calcareous  series.  The  best  coal-fields  of  this  southern  region 
are  at  Villa  Nueva  del  Eio  near  Seville,  and  in  the  neighbourhood  of 
Belmez,  between  Almaden  and  Cordova,  where  the  strata  are  highly 
inclined. 

On  the  flanks  of  the  crystalline  schists,  probably  metamorphic,  which 
form  the  Sierras  east  of  Burgos,  towards  Brieva  de  Gruarros  and  Escaray, 
are  also  masses  of  sandstone  and  shale,  with  impressions  of  plants  and 
traces  of  coal^  associated,  as  in  the  other  Spanish  coal-fields,  with  a  few 
marine  fossils.  These  rocks  are  mentioned  only  to  show,  how  generally 
the  same  paleozoic  succession  prevailed  over  the  Peninsula  before  the 
country  was  thrown  up  into  those  ridges  which  now  form  the  lines  of 
separation  between  its  diflerent  provinces. 

*  During  tiie  summer  of  1852,  MM.  de  It  was  covered  with  snow  on  the  1st  Ai^ 

Yemeuil,  Casiano  de  Prado,  and  Lorii&re  ffust.    In  the  summer  of  1856,  M.  Oasiano 

ascended  one  of  these  lofty  peaks  of  Moun-  de  Prado  ascended  the  highest  of  all  these 

tain  Limestone,  and  found,  by  harometri-  peaks,  and  determined  itshei^t  to  be  2650 

oal  observation,  that  it  was  2500  metres,  metres,  or  8171  English  feet ! 
or  about  7750  English  feet,  abo^e  the  sea. 
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Whaterer  be  their  direction  or  inclination,  the  Silurian,  Deyonian, 
and  Lower  Carboniferoua  rocks  of  Spain  have  all  been  conformably,  and 
apparently  simultaneouBly  elevated,  as  in  France. 

The  existence  of  Permian  rocks  in  Spain  is  unknown ;  no  fossils  of 
that  age  having  yet  been  found  in  so  southern  a  part  of  Europe. 

Although  this  work  does  not  treat  of  the  secondary  rocks,  it  is  due  to 
my  eminent  associate  de  Vemeuil,  and  his  fellow-traveller,  M.  Collomb, 
to  state  that,  besides  tracing  Jurassic  and  Cretaceous  deposits,  they 
detected  true  Muachelkalk  fossils  near  Mora  on  the  Ebro,  thus  clearly 
demonstrating  the  existence  of  Trias  in  the  Peninsula*. 

Silurian  and  Garhaniferous  DepotiU  in  Portugal, — G^logists  are  in- 
debted to  the  late  lamented  Mr.  Daniel  Sharpe  for  nearly  all  they  know 
of  the  real  structure  and  succession  of  the  sedimentary  rocks  of  the 
kingdom  of  Portugal,  whether  of  paleozoic  or  secondary  age  f. 

Of  the  former,  two  notable  examples  have  been  pointed  out,  and  pro- 
bably many  more  will  be  detected,  in  addition  to  another  case  to  be 
presently  noticed.  The  first  noticed  was  at  Yallongo,  in  the  immediate 
environs' of  Oporto.  There,  the  Lower  Silurian  rocks,  precisely  of  the 
same  mineral  type  as  those  of  France  and  Spain,  and  including  the  same 
fossils,  together  with  two  or  three  British  forms  and  some  new  species, 
rise  up  iii  highly  inclined  and  vertical  strata ;  and,  as  at  Angers  and 
other  places,  are  quarried  for  roofing  slates. 

An  anomalous  arrangement  of  the  lower  and  higher  deposits  is,  how- 
ever, there  apparent.  The  coal-field  of  YaUongo,  which  has  supplied  a 
considerable  portion  of  the  city  of  Oporto  with  fuel,  and  in  which  are 
certain  plants  not  distinguishable  from  those  of  the  Carboniferous  er% 
dips  under  the  Lower  Silurian  schists  with  their  characteristic  trilo- 
bites !  Now,  if  this  had  been  really  the  normal  position  of  the  plant- 
bearing  strata^  we  should  have  to  believe  in  the  existence  of  an  ante- 
Silurian  flora,  composed  of  the  same  terrestrial  vegetation  as  that  which, 
in  other  regions,  we  find  only  when  we  approach  to  the  horizon  of  the 
great  coal-fields,  ^lieving  fully  in  the  accuracy  of  Mr.  Sharpe's  sec- 
tions, I  think,  however,  from  his  own  &ithful  description  of  this  district 
and  the  region  to  the  south  of  it,  that  we  may  without  difficulty  sur- 
mise how  this  apparent  anomaly  has  been  brought  about.  The  Lower 
Silurian  rocks  and  the  contiguous  coal  strata  (for  the  coal  is  not  found 
within  the  body  of  the  lower  slates)  are  both  situated  between  two 
ranges  of  eruptive  rocks ;  the  one  on  which  Oporto  stands  being  granite, 

*  Somebadly-preservedfoBflilBofTriassio  the  meantime  has  eiyen  to  the  public,  in 

age  had  been  premnaly  obeorved  by  Casi-  ooniimotion  with  M.  Collomb,  a  yaloable 

ano  de  Prado,  de  YerneuU,  and  de  Lori^re,  table  of  the  chief  altitudes  of  this  rugffed 

at  Boquela,  in  the  mountains  of  Albaracin.  and  rocky  r^on.    Bee  Comptes  Bendus 

I  look  forward  with  much  satis&otion  to  de  I'Acad.  des  Sdenoes,  yoL  ziiy.  p.  1299. 

the  speedy  publication  of  the  Geological  f  See  Quart.  Joum.  QeoL  Soc.  Lond. 

Map  of  Spam  by  M.  de  Yemeuil,  who  in  yoL  y.  p.  142. 
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and  the  other,  to  the  east,  syenite.  On  the  flanks  of  the  granite  of 
Oporto,  micaceous  schists  abound,  which,  if  metamorphic,  may  be  of 
any  age.  But,  even  if  these  be  of  ante-Silurian  date,  we  have  simply 
to  imagine  a  trough  of  coal,  of  the  true  carboniferous  date,  placed 
between  these  schists,  on  the  one  hand,  and  the  clay-slates  with  Lower 
Silurian  fossils,  on  the  other,  and  then  by  a  movement,  of  which  we 
have  inany  well-authenticated  examples  both  in  Europe  and  America^ 
this  trough  has  been  placed  in  an  inyerted  and  dislocated  position. 

The  enormous  length  of  time  which  must  have  elapsed  between  the 
accumulation  of  the  Lower  Silurian  and  the  formation  of  the  Devonian 
rocks,  and  during  which  interval  we  have  no  evidence  of  land  plants 
having  appeared,  forbids  us,  indeed,  to  adopt  the  view  of  an  infra-Silu- 
rian coal-field,  until  we  have  exhausted  every  other  means  of  explain- 
ing the  anomaly. 

Thus,  the  plications  of  the  strata  in  Belgium,  as  delineated  by  M. 
Dumont,  those  in  Westphalia  mentioned  in  this  volume  (p.  429),  or 
those  in  North  America  (p.  465),  explain  how  strata  really  inverted  in  one 
place,  may  be  followed  until  they  resume  their  regular  order.  Wedged 
in,  as  these  Silurian  and  Carboniferous  masses  of  Portugal  are,  between 
two  flanking  parallel  ridges  of  eruptive  rock,  it  was  no  doubt  difficult 
to  detect  their  regular  order ;  though,  even  in  describing  a  transverse 
section  from  Oporto  to  Aveiro,  Mr.  Sharpe  himself  states,  that  day- 
slates,  lying  on  gneissose  and  micaceous  schists,  are  surmounted  by  car- 
bonaceous shale  and  red  sandstone.  This  is,  I  conceive,  the  natural 
order ;  because  even  in  the  adjacent  districts  of  the  north  of  Spain,  to 
which  the  author  first  pointed  attention,  as  being  likely  to  contain 
Silurian  rocks,  there  are  no  traces  whatever  of  anthradtic  coal-fields 
beneath  or  associated  with  such  andent  rocks ;  all  the  carboniferous 
deposits  of  that  region  being,  as  previously  stated,  in  their  usual  and 
normal  position. 

Now,  whilst  the  first  edition  of  this  work  was  printing,  Mr.  Sharpe 
communicated  to  the  Geological  Society  of  London*  the  discovery  of 
fossils,  accompanied  by  important  observations  made  by  M.  Carlos  Bi- 
beiro,  which  show  the  prolongation  of  the  same  axis  of  Silurian  rocks 
from  north-north-west  to  south-south-east,  far  beyond  the  Douro.  The 
rocks  in  question  form,  in  fact,  the  crest  of  the  Serra  de  Busaoo,  on 
which  Wellington  and  Massena  first  tried  their  strength,  and  thence 
extend  to  the  south-south-east  beyond  the  river  Mondegof  into  the 
Serra  de  Mucella.  During  the  greater  part  of  their  course,  the  Silurian 
rocks  are  surrounded  or  flanked  by  older  unfossiliferous  masses,  con- 

*  Qiuurt.  Joum.  G«oL  Soo.  Lond.  yoL  ix«  he  disembariced,  on  the  Ist  of  August^  1806, 

p.  185.  at  the  mouth  of  this  mer  Mond^go,  and 

t  The  author  craves  pardon  of  the  reader  doee  to  the  boat  from  which  Sir  A.  Wei- 

for  stating,  that  when  a  young  Ensign  in  lesler  first  stepped  on  to  the  shore  of  the 

the  86th  regiment  (sixteen  years  of  age),  Ibenan  Peninsula. 

Digitized  by  VjOOQIC 


Chap.  XVIL]  SILURIAN  BOCKg-SABDINLL  461 

sisting  of  mica  and  chlorite  schists  with  day-slate,  &o.  These  crystal- 
line rocks  are  at  once  followed  bj  dark  brown  indurated  shales,  some- 
what slaty,  which  abound  with  Lower  Silurian  fossils,  among  which 
Mr.  Sharpe  has  recognized  niimerous  species  of  Leptsna  and  Orthis, 
with  trilobites,  many  of  them  previously  undescribed.  He  has,  how- 
ever, identified  the  most  characteristic  of  the  trilobites  with  species 
well  known  elsewhere ;  Trinudeus  Pongerardi,  Calymene  Tristani,  and 
C.  Arago  of  Brittany,  also  Phacops  socialis  of  Bohemia.  The  lower 
fossiliferous  rock  of  Busaco  therefore  obviously  represents  the  oldest 
zone  in  Prance  and  Spain  known  to  contain  remains,  and  identical  with 
that  described  by  Mr.  Sharpe  at  Vallongo  near  Oporto.  It  is  sur- 
mounted, and  chiefly  along  the  middle  of  the  ridge  of  Busaco,  by  a  band 
of  hard  ochreous  shale,  frequently  altered  by  eruptive  masses  of  green- 
stone trap,  and  generally  breaking  up  into  prisms ;  the  bedding  being 
scarcely  distinguishable.  It  is  probably  equivalent  to  the  sandstone  of 
May  in  Normandy.  This  rock  is  full  of  small  corals,  such  as  Pavosites  ? 
fibrosa,  besides  spedes  of  Betepora  P,  also  many  simple  plaited  Orthides, 
and  some  trilobites  common  to  the  subjacent  deposit ;  the  whole  of  the 
evidence  proving  clearly,  that  it  is  simply  a  superior  member  of  the 
Lower  Silurian  group.  Again,  the  uppermost  of  these  Silurian  rocks  in 
Portugal  is  apparently  the  same  zone  we  have  been  considering  in  Spain 
and  Prance ;  viz.  a  bluish  shale  or  argillaceous  schist,  containing  the 
well-known  British  fossils  Grraptolites  Ludensis  and  Cardiola  interrupta, 
with  other  mollusks,  also  numerous  crushed  specimens  of  Orthoceratites. 
AH  these  fossils,  according  to  Mr.  Sharpe,  are  referable  to  the  Wenlock 
shale,  or  inferior  portion  of  the  Upper  Silurian. 

Now,  these  Silmrian  rocks  are  overlaid  unconformably  by  a  deposit 
of  true  carboniferous  age ;  the  shales  and  sandstones  being  ^1  of  ferns 
and  other  plants,  of  species  common  in  the  coal  deposits  of  Prance  and 
Germany.  Thus,  when  traced  out,  the  apparent  anomaly  at  Vallongo 
is  resolved  by  a  case  perfectly  analogous  to  the  examples  given  in  pre- 
vious parts  of  this  work,  and  the  order  of  succession  is  proved  to  be  the 
same  as  in  other  regions. 

Sardinia  and  Uj^per  Italy. — Extending  our  inquiry  eastwards  from 
Northern  Portugal  and  Central  Spain  to  like  parallels  of  latitude  on 
the  other  side  of  the  Mediterranean,  we  again  meet  in  Sardinia  with  a 
similar  succession  of  paleozoic  deposits.  Geologists  owe  this  determi- 
nation to  the  researches  of  General  de  la  Marmora,  so  long  favourably 
known  to  geographers  for  his  beautiful  topographical  map  of  that  island. 
Judging  from  certain  Orthid®  and  Orthocerata,  which  this  author  sent  to 
me  in  the  year  1848, 1  have  for  some  years  had  no  doubt  that  Silurian 
rocks  existed  in  Sardinia,  as  laid  down  by  Gollegno,  in  his  geological 
map  of  Italy.  I  have  since  been  informed  by  M.  Barrande,  who  has 
personally  inspected  the  rocks  and  fossils  in  the  southern  part  of  the 

2g2 


Digitized  by  VjOOQIC 


i52  SILUMA.  [CHAP.XVn. 

island,  near  Flumini  Maggiore,  that  in  his  opinion  both  Lower  and 
Upper  Silurian  rocks  are  there  present. 

The  work  hj  General  de  la  Marmora^  which  I  antidpated  in  the  first 
edition,  has  now  appeared,  accompanied  by  an  elaborate  map ;  and  it  is 
now  demonstrated  by  Professor  Meneghini  of  Pisa  that  several  of  the 
fossils  collected  by  the  Gleneral  and  his  assistant  M.  Yecchi  are  well- 
known  Silurian  forms.  Among  these  may  be  mentioned  Orthis  Lusi- 
tanica,  Sharpe,  O.  testudinaria  and  O.  vespertilio,  Sil.  Syst.  &c.  Other 
fossils  are,  on  the  contrary,  Upper  Silurian  types,  such  as  Orthoceras 
ibex,  O.  gregarium  P,  Sil.  Syst.,  and  seyeral  others,  besides  Cardiola  and 
Ayicula. 

General  de  la  Marmora  informs  us,  that  all  these  Silurian  or  other 
rocks*,  and  the  metamorphic  masses  with  which  they  are  associated,  are 
distinctly  surmounted  by  strata  containing  anthradtic  coal,  charged 
with  many  of  the  fossil  plants  which  prevail  in  the  old  coal-deposits  of 
other  regions.  Thus,  among  the  fossils  from  Seni  and  Sculo,  Professor 
Meneghini  has  recognized  Pecopteris  arborescens,  P.  dentata,  P.  unita, 
P.  polymorpha,  P.  hemiteloides,  and  several  others ;  with  species  of  the 
genera  Odontopteris,  Neuropteris,  Sphenophyllum,  Annularia,  Aatero- 
phyllia,  Sigillaria,  Syringodendron,  and  an  abundance  of  the  well-known 
Calamites  Suckowi. 

In  fact,  the  strata  in  which  these  coal  plants  occur,  and  which  termi- 
nate downwards  in  conglomeratesf,  rest  in  completely  discordant  posi- 
tions on  the  older  rocks,  and  in  this  highly  altered  tract  are  covered  by 
dolomites  of  the  Jurassic  age.  The  order  of  the  inferior  strata  in 
Sardinia  is,  therefore,  the  same  as  elsewhere. 

Schists  and  conglomerates,  though  not  so  carbonaceous,  but  chazged 
with  many  similar  plants  to  those  of  Sardinia,  have  indeed  been  de- 
scribed by  Professors  Meneghini  and  Savi,  in  the  older  rocks  of  Tuscany. 
At  Jano  they  contain  the  Productus  semireticulatus  and  other  carboni- 
ferous fossils.  This  group  of  rocks  is  therefore  no  longer  to  be  vaguely 
classed  as  paleozoic,  but  takes  a  definite  place,  like  parts  of  the  Garinthian 
Alps  near  Bleiberg,  where  the  same  animal  remains  occur,  and  thus  is 
proved  to  be  truly  of  the  Carboniferous  epoch.  These  &ctB,  which  were 
unknown  when  I  last  published  upon  the  Alps  and  Apennines  {,  are 

*  It  is  right  to  state,  that  whilst  he  has  GeoL  Soe.  Lond.  tqL  y.  p.  167,  and  par- 
seen  unquestionahle  Upper  Silurian  fossils    ticularly  its  translation  into  Italian  by 


fossils  (of  which,  however,  he  only  saw  siderazioni  sulla  Geoloeia  della  l\>scana' 

drawings)  are  of  Devonian  age.   It  is  pro-  (Firenxe,  1860),  in  wmdi  these  distin- 

bable,  therefore,  that  the  soooession  will  ^uished  ItiUian  geologists  announce  the 

eventuallj  be  found  to  be  similar  to  that  important  diBOOverr  of  the  old  Osrbonile- 

of  Spain^  rous  formation  in  the  hills  near  Yolterra. 
t  See  my  Memoir  on  the  Alps,  Apen-        J  Quart.  Joum.  OooL  Soc.  Lond.  voL  v. 

nines,    and  Carpathians,   Quart.    Joum.  pp.  167,  &c. 
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most  important,  and  lead  ns  to  infer,  that  the  traces  of  coal  which  are 
associated  with  certain  land  plants  in  parts  of  the  Western  Alps,  are 
also  of  the  old  Carboniferous  age.  For  the  conglomerates  and  schists 
with  which  such  plants  are  associated  in  the  Alps  are  the  precise  equi- 
valents of  the  *'  yerracano  "  and  schists  of  Sardinia  and  Northern  Italy, 
and  these  lie  beneath  strata  of  Triassic,  Liassic,  and  Jurassic  age. 

It  has,  indeed,  been  already  stated,  that  rocks  containing  Silurian,  De- 
vonian, and  Carboniferous  shells  occur  in  the  Austrian  or  Eastern  Alps. 
With  these  data  before  us,  and  looking  to  the  prodigious  amount 
of  metamorphism,  dislocation,  convolution,  and  inversion  to  which  the 
component  parts  of  that  chain  have  been  subjected  in  their  extension 
to  the  west,  we  can  have  little  difficulty  in  imagining  how  the  Silurian 
and  Devonian  strata  have  there  passed  into  a  crystaUine  state ;  while 
the  sole  remnants  of  the  carboniferous  rocks,  identifiable  through  their 
organic  remains,  are  the  plant-bearing  conglomerates  and  schists  of  the 
Yalorsine  and  of  certain  tracts  around  Mont  Blanc,  which  have  been 
so  twisted  up  as  often  to  appear  to  be  intercalated  with  the  secondary 
rocks. 
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CHAPTER  XVIII. 

SUCCESSION  OF  PRIMEVAL  BOCKS  VS  AMEBICA. 

OBDBB  OV  THB  PALXOZOIO  8TBATA  IIT  SOUTH  AMZBICA,  THX  ITNITKD  STATES, 
Ain)  9BITI8H  HOHTH  AXJEBICA. 

The  researclies  of  geologists  have  demonstrated  that  there  was  a 
wide  diffiisioii  of  similar  groups  of  animals  over  the  globe  during 
the  primeyal  periods.  A  striking  proof  of  this  fact  is^  that  many 
of  the  paleozoic  fossils  which  we  have  followed  over  the  various 
countries  of  Europe  are  found  to  have  unquestionable  equivalents 
in  the  continent  of  America. 

Although  the  science  of  the  United  States  has  afforded  the  chief 
means  by  which  this  parallelism  has  been  worked  out^  I  cannot 
commence  even  a  slight  sketch  of  the  older  Transatlantic  rocks^ 
without  first  alluding  to  that  masterpiece  of  natural  history^  the 
great  work  of  Humboldt^  wherein  he  gave  to  mankind  a  compre- 
hensive view  of  the  structure  of  the  chain  of  the  Andes — ^the  main 
axis  of  the  western  continent. 

The  oldest  of  the  slaty  and  quartzose  formations^  so  eloquently 
described  by  the  illustrious  traveller^  in  whose  youthful  days  fossils 
were  little  studied^  have  been  referred^  by  means  of  their  oi^anic 
remains^  to  the  Silurian  rocks.  Following  up  the  inquiries  of  his 
precursor^  M.  Alcide  d^Orbigny  has  shown^  in  maps  and  sections,  as 
wdU  as  by  elaborate  descriptions^,  that  these  slaty  rocks  contain  the 
fossil  sea-weed  Cruziana  (or  Bilobites),  with  Oraptolites,  Idngulse, 
Orthids,  and  trilobites  of  the  genera  Asaphus  and  Fhacops  (Caly- 
mene).  He  has  further  pointed  out,  that  these  Silurian  masses  are 
succeeded  by  sandstones  and  siliceous  strata  probably  of  Devonian 
age,  and  the  latter  by  limestones  and  other  rocks,  charged  with 
fossils  of  the  Carboniferous  era. 

*  See  *  Yoyvge  dans  1* Am^que  M^di-  PemTian  Andes,  around  the  lofty  Lake  of 

onale,*  tome  iii,  Partie  G^logique,  Paris,  liticaca,  let  me  say,  that  he  was  the  first 

1842.    In  iustice  to  my  firiend  Mr.  Pent-  person  who  made  me  acquainted  with  the 

land,  BO  w^  known  to  geographers  hy  his  occurrenoe  of  Silurian  trilobites  in  the 

measurements  of  the  high  peaks  of  the  slaty  rocks  of  this  chain. 
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Tlie  Silurian  slates  and  schists  form  enonnous  bands ;  and  examples  of  them 
are  well  exhibited  on  the  decliTitiee  of  the  plateau  of  Bolivia,  as  well  as  on  the 
flanks  of  the  Cordillera^  extending  from  Sorata  to  TllimftnTii.  They  are,  in  most 
parts  of  their  range,  metamorphosed,  and  in  this  state  extend  from  Chili  on  the 
south*  to  the  Bocky  Mountains  and  the  Sierra  Nevada  on  the  north.  Even  in 
Texas  they  have  been  recognized  by  F.  Roemerf.  Including  the  quartz  rocks 
which  are  associated  with  them,  they  constitute  the  chief  matrix  of  the  gold  and 
other  metals,  so  extensively  worked  along  this  great  chain.  (See  next  chapter.) 
It  has  been  suggested,  that  the  huge  stratified  quartz  bands  described  by  Hum- 
boldt may  be  the  equivalents  of  the  sandstones  termed  Devonian  by  d'Orbigny  (, 
and  in  which  he  detected  various  characteristic  fossil  shells.  But  whilst,  in  the 
absence  of  sufficient  proof,  doubts  may  be  entertained  whether  these  sandstones 
and  quartz  rocks  of  the  Andes  may  be  of  Upper  Silurian  rather  than  of  Devonian 
age,  there  can  be  no  hesitation  in  referring  the  next  deposits  in  ascending  order 
to  the  Carboniferous  or  true  Upper  Paleozoic  group.  At  numberless  places, 
limestones  have  been  observed  charged  with  well-known  carboniferous  fossils. 
Several  of  them,  as  Productus  Cora,  Spirifer  striatus,  Athyris  Roissyi,  &c.,  are 
specifically  identical  with  forms  that  characterize  the  strata  of  this  era  in  Europe 
and  other  parts  of  the  globe.  As  these  rocks  are  associated  with,  or  followed 
by,  accumulations  of  coal,  the  general  relations  of  the  series  are  clearly  car- 
boniferous. 

We  now  know,  therefore  (and  the  recent  explorations  in  California, 
Oregon,  &c.,  have  confirmed  the  view),  that  sedimentary  deposits  of 
Silurian,  Devonian,  and  Carboniferous  age  constitute  the  loftiest  ranges 
and  metalliferous  plateaux  of  the  American  continent.  These  were,  in 
ancient  times,  perforated  by  granites,  porphyries,  trachytes,  and  other 
eruptive  matters ;  and  in  the  modem  era  are,  in  some  localities,  the  seat 
of  active  volcanic  forces. 

To  bring,  however,  the  older  formations  of  America  into  an  accurate 
parallel  with  those  of  Europe,  we  must  quit  the  chain  of  the  Andes  and 
the  high  grounds  of  Mexico,  and  turn  to  the  United  States  and  British 
Korth  America.  In  large  portions  of  those  regions  the  older  strata 
have  been  comparatively  exempted  firom  igneous  disturbances,  and  as  the 
arrangement  of  the  strata  is  syn^etrical,  geologists  have  been  able  to 
demonstrate  the  order  of  succession  to  be  the  same  as  that  of  which 
numerous  proofs  have  been  recited  in  the  preceding  pages. 

Large  masses  of  the  most  ancient  stratified,  crystalline  rocks  of  North 
America,  particularly  those  constituting  the  broad,  low  watershed  of 
Upper  Canada,  the  Laurentine  Mountains,  are  composed  chiefly  of 

*  In  the  admirable  work  on  '  South  f  Boemer :  Tezas,  und  die  physisohen, 

America,*  by  Mr.  Charlee  Darwin  (1846),  &c.  1849. 

the  only  paleozoic  fossils  alluded  to  are  %  See  Cordier,  'Bapport  k  TAcad^mie 

those  of  the  FaUdand  Islands  (Upper  Silu-  Boyale  dee  Sciences  sur  les  r^ultats  scien- 

rian  P  and  Devonian),  though  it  is  probable  tifiques  du  Voyage  de  M.  Aldde  d*Orbigny 

tliat  some  of  the  day-slates,  &c.  in  the  chain  dans  TAm^rique  du  sud,  pendant  les  8  an- 

of  the  Chilian  Andes,  to  which  he  adverts,  n^  depuis  1826  jusqu'i^  1833.'     1842. 
areof  older  age. 
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gneiBS,  with  intermingled  quartz  rocks,  micaceous  and  chloritic  schistSy 
and  highly  erystolline  limestone ;  the  whole  having  been  subjected  to 
infinite  folds. 

This  great  fundamental  group,  bearing  the  name,  according  to  Logan, 
of  the  Laurentian  System,  and  on  which  all  the  other  sedimentary  de- 
posits repose,  extends  westward  to  the  Lakes  Winnipeg  and  Superior, 
and,  crossing  the  St.  Lawrence  at  the  Thousand  Iskmds,  reappears  in 
the  mountains  of  Adirondack,  in  the  State  of  New  York.  It  stands, 
therefore,  like  the  oldest  gneiss  of  the  north-western  coast  of  Scotland 
(see  diagram,  p.  199),  as  the  oldest  visible  rock  of  the  western  conti- 
nent. Like  the  venerable  Scottish  gneiss,  it  is  also  unconformably  but- 
moimted  by  hard  sandstones,  conglomerates,  and  schists  (with  some 
chert  and  Hmestone),  which,  attaining  the  vertical  dimensions  of  about 
12,000  feet  on  the  north  shore  of  Lake  Huron,  have  been  termed 
"  Huronian."  This  Huronian  group  or  system,  which  has  been  paralleled 
by  Logan  with  the  Cambrian  or  Longmynd  rocks  of  Britain,  is  again 
covered  transgressively  (as  in  our  north-western  Highlands)  by  the 
lowest  of  the  fossiliferous  bands  of  the  Lower  Silurian  or  Potsdam 
sandstone  (e^  of  Section,  p.  199). 

Eor  the  present  we  may  leave  the  consideration  of  those  other  cry- 
stalline rocks  which  form  a  broad  and  long  zone,  ranging  from  S.S.W.  to 
N.N.E.,  along  the  seaboard  of  the  United  States,  and  extend  into  Canada 
and  the  British  colonies  of  Nova  Scotia,  Newfoundland,  and  New  Bruns- 
wick. Now,  although  in  the  geological  maps  of  North  America*  these 
rocks  have  been  hitherto  laid  down  under  the  same  colour  as  those  of 
the  Laurentian  system,  they  are  essentially  distinct  from  the  old  gneiss 
and  its  associates,  and  are,  as  will  presently  be  shown  (at  least  in  several 
parts),  nothing  more  than  highly  metamorphosed  Silurian  strata;  thus 
affording  another  analogy  to  the  rock-masses  of  the  north-western  High- 
lands of  Scotland  already  described  (pp.  180, 195  et  seq.}. 

It  is  on  the  western  flank  of  the  Appalachian  chain,  and  to  the  south, 
north,  and  west  of  the  Laurentine  Mountains,  that  the  paleozoic  forma- 
tions are  best  exhibited.  They  consist  of  Lower  and  Upper  Silurian, 
Devonian,  and  Carboniferous  rocks,  and  are  repeated  in  broad  undula- 
tions, forming  basins  of  a  grandeur  and  extent  unknown,  as  yet,  in  any 
other  part  of  the  world  excepting  Eussia.  In  this  way,  they  occupy 
large  portions  of  the  southern  and  western  States  of  Alabama,  Tennessee, 
Arkansas,  Missouri,  Illinois,  Indiana,  &c.,  as  well  as  the  newly-settled 
territories  of  Iowa,  Minnesota,  and  Wisconsin.  Such  deposits  range, 
too,  along  the  southern  side  of  the  great  chain  of  lakes,  and  are  spread 

*  The  maps  of  LjeUjlCaroou,  and  others,  same  primary  colour  as  the  Laurentine 
which  have  represented  these  eastern  cry-  Mountains,  must  now  undergo  some  mo* 
stalline  stratified  rocks,  with  their  various  dification.  The  statement  made  in  the 
intrusiye  or  igneous  rocks,  whether  granite,  first  edition  of  this  work  (p.  410)  is  there- 
porphyry,  or  greenstone,  &c.,  under  the  fore  incorrect. 
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over  extensive  tracts  of  New  Tork,  Pezmsylvania,  Maryland,  and  Vir- 
ginia, where  their  stratigraphical  features  have  been  elaborately  worked 
out,  and  their  organic  remains  described,  by  American  geologists. 

These  native  authorities  have  honoured  my  labours  by  including  the 
lowest  of  these  great  masses  of  fossiliferous  rocks  in  the  Silurian  system ; 
whilst  all  my  contemporaries*  who  have  gone  firom  Europe  to  explore 
the  United  States,  or  the  adjacent  territories,  have  recognized  Silurian 
rocks,  both  Lower  and  Upper,  followed  by  deposits  of  Devonian  and 
Carboniferous  agef.  In  the  Canadas,  where  Bigsby  and  others  were  his 
precursors,  Logan,  the  Director  of  the  Greological  Survey  of  that  great 
colony,  has  mapped  enormous  tracts  both  of  Lower  and  Upper  Silurian 
rocks ;  whilst  Bichardson,  triumphing  over  all  the  obstacles  of  the  in- 
clement North,  has  followed  Silurian  limestones  along  the  western  flank 
of  the  granitic  chain  from  Lake  Winnipeg  to  the  mouth  of  the  Mackenzie 
Biver.  The  latter  has  also  shown  to  how  great  an  extent  these  strata 
wrap  round  the  huge  crystalline  nucleus  of  North  America,  and  form  the 
edges  of  the  continent  towards  the  Arctic  Sea.  Li  many  of  the  Arctic 
islands,  too,  Upper  Silurian  fossils  have  been  detected  by  the  skilful 
navigators  who  have  sailed  in  search  of  the  lamented  Franklin. 

I  shall  cull,  in  the  sequel,  a  few  data  firom  some  of  these  British 
authorities ;  but  let  me  first  allude  to  those  tracts  which,  through  the 
labours  of  American  geologists,  have  been  rendered  classical  in  our 
science,  and  where  the  types  of  comparison  have  been  the  most  sedu- 


*  See  Bigsby,  Trans.  OeoL  Soo.  LoncL 
2  ser.  ToL  L,  and  Quart.  Joum.  OteoL  Soa 
YoL  yiii  p.  400 ;  fto.  Featherstonhau^h, 
Beports  on  the  Countries  between  the  Mis- 
souri and  Bed  Bivers,  and  of  Wisconsin, 
&o^  Washington,  1835-6  [my  old  friend 
Mr.  F.  first  made  known  to  me  the  ex- 
istence  of  the  Silurian  series  in  the  United 
States].  Lyell,  Travels  in  North  America^ 
with  general  map,  1841-42,  London,  1843. 
Ljell's  GbologioJ  Manual,  3rd  ed.  p.  361. 
Gastelnau,  Syst^e  Silurien  de  TAm^rique 
Septentrionale,  Paris,  1843.  DeYemeuil, 
Bulletin  de  la  Sod^  G^logique  de  France, 
2nd  ser.  vol.  iv.  Paris,  1847.  Bichardson, 
Karratiy,e  of  an  Arctic  Searching  Expedi- 
tion, 2  vols.,  London,  1851.  Logan,  G(eo- 
lo^cel  Surrey  of  Canada ;  Beports  to  Le- 
gislatire  Assembly,  and  maps.  Logan  with 
Salter  on  the  Bocks  of  Lower  Canada, 
Brit.  Assoc.  Beports,  1852,  p.  59 ;  Quart. 
Joum.  GeoL  Soc.  Loud.  vol.  ix.  Ferdinand 
Boemer,  Texas  und  die  physischen  Ver- 
haltnisse  dcs  Landes,  Bonn,  1849,  with 
geological  map.  Desor,  Bull.  Soc.  6^1.  Fr. 
2  ser.  Tol.  ix.  p.  342 ;  and,  lastly,  M.  Jules 
Maroou,  Geological  Map  and  Description 
of  the  United  States  and  British  "Sorih 
America,  Boston,  1853.    The  last-men- 


tioned author  has  dedicated  this  work  to 
his  friend  Agassis,  who  has  thrown  so  much 
new  light  on  the  natural  history  of  his 
adopted  countiy.  Tius  book  and  map, 
embracing  the  new  sunre^s  of  Dale  Owen, 
Logan,  and  others,  oontams  also  a  list  of 
all  writers  on  American  geology. 

t  It  was  my  anxious  desire  to  have 
visited  the  United  States  and  the  Canadas 
last  summer,  when  illness  prerented  the 
enjoyment  and  instruction  Inad  promised 
myself.  As,  however,  my  place  was 
taken  by  my  associate  Bamsay,  whose 
acquaintance  with  the  British  paleozoic 
rocks  is  as  extensive  as  it  is  accurate,  I 
am  fortunately  enablied,  through  his  com- 
mimications,  not  only  to  correct  several 
errata  in  the  first  edition,  but  to  bring  the 
older  formations  of  America  into  a  much 
more  accurate  parallel  with  our  own  depo- 
sits than  could  otherwise  have  been  at- 
tempted. This  will  be  speciallv  shown  in 
a  tabular  comparison  between  the  Silurian 
and  Devonian  rocks  of  America  and  Bri- 
tain, which  Professor  Bamsay  has  prepared 
for  me  as  the  result  of  his  excursion,  and 
of  his  intercourse  with  Mr.  J.  Hall,  Sir  W« 
Logan,  and  other  geologists.  This  table 
is  given  at  page  472. 


Digitized  by  VjOOQIC 


468  SILTTEIA.  [Chap.  XVm. 

lously  and  accurately  described*.  The  State  of  New  York,  for  example, 
presents  a  noble  series  of  paleozoic  deposits,  as  laid  open  on  the  banks 
of  many  rivers.  By  the  examination  of  these  natural  sections,  the  geo- 
logists of  that  State  have  been  enabled  to  describe  a  detailed  order, 
which  is  remarkable  for  its  symmetry  and  unbroken  condition  from  the 
base  of  the  Lower  Silurian  to  the  coal-measures  included;  the  whole 
being  generally  arranged  in  slightly  inclined  and  conformable  strata. 

The  local  Bubdivisions  (about  eighteen  in  number,  and  of  veiy  unequal  dimen- 
siona)  of  which  the  Silurian  system,  so  admirably  described  by  Mr.  James  Hall,  is 
composed  in  the  State  of  New  York,  are  compared  with  their  European  equiya- 
lents  in  a  Table  which  follows  (p.  472).  Independent,  however,  of  these  nume- 
rous subdiyisions,  the  lower  portion  of  the  series  has  been  admitted  by  American 
authorities  to  be  divisible,  as  in  Europe,  into  two  groups,  each  characterized  by 
peculiar  fossils.  Thus,  from  the  *'  Potsdam  Sandstone,"  or  base  of  the  whole 
fossiliferous  series,  up  to  the  slates  and  aienaceous  schists  of  the  Hudson  River 
group,  overlying  the  Trenton  limestone,  the  mass  so  composed  represents  the 
Lower  Silurian.  In  this  view,  de  Vemeuil,  Logan,  Bigsby,  Ramsay,  Salter,  and 
others  t;  agree  with  the  United  States'  geologists. 

In  the  lowest  of  these  deposits,  at  Potsdam,  a  small  Lingula  (L.  antiqua, 
Hall)  was,  for  a  long  time,  the  only  fossil  known  except  fucoids  and  abundant 
traces  of  marine  worms  (Scolithus  linearis).  Similar  vertical  annelide  burrows 
have  been  mentioned  (p.  41)  as  occurring  in  the  Stiper  Stones  of  my  first  typical 
Silurian  tract  (1833),  and  are  equally  coiomon  in  the  quartz  rock  of  Durness,  in 
Sutherland,  which  underlies  the  limestone  with  American  types  of  mollusca  (see 
pp.  180, 105  et  seq,,  217,  222).  The  parallel,  therefore,  between  these  British  and 
Transatlantic  zones  seems  to  be  complete. 

Footprints  of  a  large  animal  were  discovered  in  rocks  of  a  similar  age  in 
Upper  Canada,  on  the  north  bank  of  Lake  Ontario.  In  the  first  instance,  they 
were  supposed  to  have  been  made  by  the  feet  of  a  chelonian  reptile.  But  a 
further  examination  of  numerous  casts  taken  firom  the  footmarks,  and  brought 
to  England  by  the  zeal  of  their  discoverer  Logan,  led  Professor  Owen  to  r^er 
them  to  crustaceans, — ^the  class  of  auimalfl  which  is  most  commonly  met  with 

*  Mj  contemporaries  in  America,  whose  friend  Professor  Silliman, — ^mnst  now  be 

labours  I    highly  estimate,  will  readily  passed  oyer ;  although,  if  ffeneral  geology 

understand  tluit  m  a  work  which  is  limited  were  my  olgeot,  thev  would  be  eagerly  ap- 

to  the  general  history  of  the  paleozoic  pealed  to.    Nor  will  the  reader  find  in  toe 

rocks,  and  specially  tnoee  of  Europe,  I  text  any  allusion  to  the  labours  of  some 

hare  no  space  to  render  justice  to  the  nu-  authors  who  hare  been  highly  uselul  in 

merous  able  writings  which  treat  of  those  building  up  the  now  well-estabhahed  series 

tracts  of  the  UnitM  States  or  the  British  of  the  (uder  formations ;  such  as  Madure, 

Colonies,  where  such  paleozoic  rocks  are  Eaton,  Troost,  Emmons,  Peroeral,  Van- 

little  dereloped.  Thus,  the  works  of  Hitch-  uxem,  Conrad,  Jackson,  Foster,  Dawson, 

cock,  whose  description  of  the  structure  of  Thompson,  Whitney,  and  others.   The  few 

his  natire  State,  Massachusetts,  and  the  works  aboye  referred  to  are  necessarily 

accompanying  map,  are  models  of  geo-  those  in  which  the  authors  hare  dilated 

logical  monography, — of  Dana,  whose  in-  on  the  subjects  which  are  spedallj  treated 

sight  into  the  natural  history  of  soophytes,  of  in  this  Yolume,  t.  e.  comparafeiTe  riews 

and  whose  philosophic  reflections  on  the  of  paleozoic  geology. 


outlines  of  the  earth,  haye  secured  for  him  f  Lydl  took  the  same  yiew  in  his 
a  wide  reputation, — and  the  yarious  con-  *  Trayels  in  America^'  and  also  in  the  early 
tributious  to  the  CToellent  yolumes  of  my    editions  of  his  *  Manual  of  Geology.* 
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in  rocks  of  Silurian  age.  This  view  being  now  adopted,  we  have  evidence  of  a 
great  protozoic  crustacean,  probably  not  unlike  the  giant  Pterygotus  described 
in  an  earlier  chapter  (p.  166).  llie  Lower  Silurian  fossU,  Cruziana,  so  well 
known  in  Britain,  France,  and  Spain,  also  occurs  in  this  lowest  zone. 

The  most  marked  mineral  distinction  between  the  rocks  which  immediately 
lie  upon  this  true  SUuiian  base,  as  compared  with  those  of  like  age  in  Britain, 
is  the  much  greater  prevalence  of  limestone.  A  calcareous  sandstone,  called  the 
''caldferous  sand-rock,''  which  has  been  paralleled  with  the  crystalline  limestone 
of  Sutherlandshire  (pp.196, 217, 222),  is  succeeded  by  the  Chazy  limestone.  Bird's- 
eye,  and  Black  River  limestones,  and  they  are  at  once  followed  by  the  great 
Trenton  limestone  with  its  overlying  schists  (Utica  slate  and  the  Hudson  River 
group).  In  the  lowest  of  the  calcareous  masses — ^the  Chazy  limestone,  the 
peculiar  molluscous  genus  Madurea  (see  the  figure,  p.  216)  is  found,  together 
with  some  Corals,  Biyozoa,  and  a  lew  tdJobites  (IlleBnus,  Asaphus,  &c). 

The  succeeding  calcareous  beds — ^Bird's-eye*  and  Bbck  Bivar  limestones^  form- 
ing the  base  of  the  Trenton  limestone,  seem  to  stand  in  the  place  of  the  liandeilo 
of  Britain,  though,  as  will  be  shown  in  the  Table,  they  enclose  a  larger  and  more 
mixed  suite  of  Lower  Silurian  fossils  with  some  Caradoc  forms.  They  contain 
many  enormous  Orthocerata,  the  singular  cephalopod  genus  Gonioceras  of  Hall, 
large  Lituites,  and  several  univalve  shells  (Murohisonia,  Scalites,  &c),  besides 
many  species  of  Orthis  and  Leptsena,  including  Lept»na  serioea,  with  other 
brachiopods. 

The  rock  into  which  these  beds  pass,  or  the  Trenton  limestone,  is  chiefly,  as 
regards  its  fossils,  a  fuller  development  of  the  Isst-mentioned  deposits;  the  num- 
ber of  trilobites,  gasteropods,  brachiopods,  and  crinoids  being  vastly  increased. 
Besides  the  large  Asaphus  (Isotelus)  gigas,  the  characteristic  fossU  of  the  stratum, 
Trinucleus  concentricus  occurs,  with  the  genera  Cheirums  (Ceraurus  of  Green), 
Lichas,  Phacops,  and  Calymene,  all  of  different  species  to  those  of  England. 
But  among  the  shells,  Orthis  striatula,  O.  biforata  or  lynx,  O.  porcata  (occi- 
dentalis.  Hall)  (Foss.  33.  p.  210),  and  Bellerophon  bilobatus  (PL  7.  f.  9),  are 
Lower  Silurian  fossils,  characteristic  of  the  same  rocks  in  Britain,  Scandinavia, 
and  Russia.  The  geological  position  of  this  limestone  is  maintained,  too,  by  the 
presence  of  numerous  species  of  Lituites,  Orthocerata,  and  large  plaited  Orthides, 
which  resemble  those  of  Europe,  without  being  identicaL  Such,  for  example, 
are  the  two  large-plaited  species,  Orthis  tricenaria  and  O.  pectinella,  which 
represent  the  British  forms,  O.  Actoniie  and  O.  flabellulum  (Foss.  32.  p.  209), 
and  yet  are  perfectiy  distinct. 

The  Trenton  limestone  is  overlaid,  throughout  a  considerable  tract  in  North 
America,  by  the  Hudson  River  group,  at  the  base  of  which  lie  the  Utica  slates, 
full  of  their  characteristic  graptolites.  These  are  covered  by,  and  often  pass  into, 
schist  and  sandstone,  also  containing  many  Graptolites  with  other  fossils ;  the 
last-mentioned  beds  being  now  considered  the  equivalents  of  the  Caradoc  or 
Bala  formation  f. 

*  So  called  from  the  numerous  speoi-  rican  fossils,  suooessfiilly  compared  them 

mens  of  PhytopsiB  celluloea  which  stud  with  those  of  our  continent.   See  his  most 

the  beds  and  look  like  eyes.  instructive  memoir,  BulL  Soc.  G^L  Fr. 

tM.de  Yemeuil  was  the  first  European  2  ser.  voL  if.  p.  646.    The  Lower  Silurian 

geologist  who,  having  examined  the  coUec-  had  not  then  been  subdivided  as  it  now  is 

tions  and  visited  the  localities  of  the  Ame-  (see  Table,  p.  472). 
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The  conglomerates  and  sandstones  of  Oneida  and  Medina  which  succeed  aie, 
it  is  believed,  the  Tepresentatiyes  of  the  Lower  liandoyeiy  rocks  of  Britain, 
and,  like  them,  they  may,  according  to  my  view,  be  classed  as  the  uppermost 
part  of  the  Lower  Silurian  rocks.  Though  containing  few  fossils  in  liie  con- 
tinent of  America,  beds  occupying  the  same  position  in  the  large  island  of 
Anticosti,  at  the  mouth  of  the  St  Lawrence,  are  charged  with  Shells,  which 
have  led  Sir  W.  Logan  to  refer  them  also  to  this  date*.  Besides  Pentameri, 
they  there  contain  the  following  Silurian  types,  viz.  Leptiena  sericea,  Orthis 
striatula,  and  Strophomena  altemata,  with  the  remarkable  fossil  Beatricea, 
so  named  by  Billings,  at  first  supposed  to  be  the  stem  of  a  tree-fern ;  but  the 
appearance  of  vegetable  structure  has  been  ascertained  by  Dr.  Hooker  to  be 
deceptive,  and  is  due  to  crystallization  f* 

According  to  Hall,  Logan,  and  most  American  authors,  as  well  as  Dr.  Bigsby, 
the  '^  Clinton  group "  has  been  considered  the  base  of  the  upper  division  in 
the  United  States.  It  is  characterized  by  the  typical  Pentamerus  oblongus, 
which,  as  in  England,  is  never  found  in  any  of  the  succeeding  strata. 

The  same  authorities,  as  Professor  Ramsay  informs  me,  now  group  these  rocks, 
containing  Pentamerus  oblongus,  and  their  inferior  sandstones  as  ''Middle  Silu- 
rian" ',  for,  like  the  Llandovery  rocks,  they  essentially  occupy  the  central  part  of 
this  natural  system.  For  general  purposes  of  classification,  I  prefer,  however,  to 
adhere  to  the  simple  terminology  of  Lower  and  Upper  SUurian ;  grouping  the 
Lower  Llandovery  rocks  with  die  former,  and  the  Upper  Llandoveiy  with  the 
latter  division  (see  Chapter  V.). 

This  method  is,  it  seems  to  me,  preferable,  because  this  central  group,  which 
unites,  by  its  fossils,  the  inferior  and  superior  masses,  is  in  Europe  by  no  means 
rich  in  organic  remains,  and,  in  some  countries,  cannot  be  easily  separated  from 
the  subjacent  and  overlying  deposits. 

The  Clinton  group  is  inunediately  followed  by  the  Niagara  shales,  which  in 
all  respects  resemble  the  well-known  Wenlock  shale  of  Britain ;  whilst  the  chief 
or  central  mass  of  the  Upper  Silurian  rocks  in  North  America  is  that  called  the 
Niagara  limestone,  which  unquestionably  represents  the  Wenlock  and  Dudley 
limestones  of  England,  as  well  as  of  Gothland  in  the  Baltic  These  rocks  appear  to 
contain  a  greater  number  of  fossils  identical  with  those  of  Europe,  than  do  the 
Lower  Silurian  strata  of  the  same  districts.  Among  them  are  Calymene  Blu- 
menbachii,  Homalonotus  delphinocephalus,  Bumastus  Barriensis,  Rhynchonella 
cuneata,  R.  Wilsoni,  Pentamerus  galeatus,  Orthis  elegantula,  O.  hybrida,  Ortho- 

*  See  Geological  Surrey  of  Canada^  waters  ofthe  region  by  Mr.  T.Steny  Hunt. 

Report    of   Progress  1853  to  1866  in-  Sir  W.  Logan  and  hia  asaodatee  divide  the 

duriva,    Toronto,    1867,    p.  248.      This  Lower  Silurian  into  seven  deposits,  via. 

volume,  with  its  aooompanving  illustra-  Potsdam  sandstone,  Cald&roua  sand-rock, 

tions  and  book  of  maps  and  plans,  is  highly  Chacy  limestone,  Bird's-eye  and   Black 

instructive,  and  does  infinite  credit  to  the  Biver  limestones,  Trenton  luneetone,  Utica 

Canadian  Survey,  both  as  respects  the  slate,  Hudson  Biver  group.    Then  follows 

additions  to  our  acquaintance  with  the  the  Anticosti  or  Middle  Silurian  group, 

physical  geography  and  geology  of  large  succeeded  by  Upper  Silurian,  Devonian, 

tracts  never  before  mapped,  as  oivided  by  and  Carboniferous  (Report,  p.  248). 

Sir  W.  Loffan,  and  executed  by  Mr.  Alex.  f  Mr.  Salter  believes  that  the  Beatricea, 

Murray ;  tlie  report  on  the  wild  and  un-  though  thirty  feet  long,  may  be  a  gigantic 

explored  laige  island  of  Anticosti  by  Mr.  annefide  tube,  allied  to  Comulites.    Its 

James  Bichardson ;  the  descriptions  of  the  oeUular  structure  leads  him  to  this  view. 

Canadian  fossils  by  Mr.  E.  Billings ;  and  Amphitrite  has  a  thick  shelly  tube  some 

the  reports  on  the  minerals  and  mineral  feet  in  length. 
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ceras  aimiilatum^  Eucalyptocrinus  deconiB,  and  Bellerophon  dilatatas.  (See 
Chaps.  9  and  10.)  Some  of  the  large  European  coihIb  also  preTail, — those  which 
may  have  been  capable  of  fonning  reefe,  as  FavositesOotihlandiciis,  F.  alveolans^ 
and  the  chain-coral.  There  are  also  many  peculiar  species :  indeed.  Professor 
Milne-Edwards  has  shown,  that  out  of  a  considerable  list  of  American  corals, 
few  are  really  identical  with  those  of  Europe. 

The  lower  formations  of  the  next  overlying  or  Helderberg  division,  up  to  the 
higher  Pentamerus  limestone  inclusive*,  constitute  (according  to  de  Vemeuil) 
the  probable  equivalents  of  the  Ludlow  rocks.  The  much  greater  abundance  of 
calcareous  matter  in  the  higher  part  of  this  division  than  exists  in  our  own 
Ludlow  rocks,  and  the  absence  of  that  muddy  and  sandy  matrix  which  charac- 
terizes those  strata  in  Britain,  have  necessarily  given  to  the  whole  group  more 
the  character  of  the  Wenlock  formation, — a  feature  which,  as  we  have  already 
seen,  is  dominant  in  Gothland,  Russia,  Bohemia,  &c. 

Devonian  Socks. — ^The  base  of  the  Devonian  rocks  of  the  United  States  has 
recently  been  placed  lower  than  it  was  in  the  earlier  comparisons  with  European 
deposits.  Seeing  that  a  mass  of  sandstones  and  conglomerates  had  there  been 
called  ''Old  Bed  Sandstone,*'  it  was  natural,  in  the  first  instance,  for  geologists 
to  suppose,  that  the  Devonian  series  in  North  America  did  not  descend  far 
beneath  this  rock.  But  Hall  and  others  have  long  since  agreed  with  de  Ver- 
neuil  in  considering  the  Oriskany  sandstone  to  be  the  true  Devonian  base ;  for 
this  rock  contains  Spirifer  macropterus,  Pterin»a  fasciculatSy  and  Pleurodic- 
tyum  problematicum,  all  species  of  the  lowest  Devonian  of  the  Rhine,  Bel- 
gium, and  France,  which  are  unknown  in  any  Silurian  rock  (see  Table,  p.  438). 
The  lowest  Devonian  rock  in  America  is,  therefore,  precisely  similar  to  its  type 
in  Western  Europe. 

A  further  reason  for  placing  the  Oriskany  sandstone  at  the  base  of  the  De- 
vonian rocks  of  New  York  consists  in  the  clear  indications  of  its  having  been 
deposited  in  excavations  of  the  inferior  stratum,  as  explained  by  Mr.  J.  Hall. 
This  phenomenon  marks  a  previous  denudation,  and  the  commencement  of  a 
new  series  t* 

*  These  oonsist  in  asoendinff  order  of  ing  Neptunian  affeooiee,  operating  in  waters 

the  OnondAga  Salt  group,  the  Water-lime  which  deepened  westward  firom  the  At- 

group,  PentameniB  limestone,  Delthrris  lantic  side,  and  southward  j&om  the  Lau- 

shaly  limestone,  Enorinal,  and  Upper  ren-  rentine  chain  on  the  north.    These  paleo- 

tameruB  limestone.  soio  groups  pass  one  into  the  other  by 

t  Becentlythe  subject  of  the  suooession  gradual  minOTsl  and  zoological  chanffes; 
of  the  North  American  deposits,  whether  there  being  a  nearly  perfect  oonformabi]ity 
in  the  State  of  New  York  or  in  the  adja-  and  a  considerable  community  of  fossils, 
cent  BritiBh  territories,  has  been  clearly  The  chief  break  is  at  the  Oriskany  sand- 
illustrated  by  Dr.  Bigsby,  one  of  the  most  stone  (baae  of  the  Devonian),  there  heing 
able  and  energetic  explorers  of  those  re-  no  brrak  of  like  importance  at  the  period 
gions  in  former  years.  The  general  sue-  of  the  local  Oneida  conglomerate  Hfitiddle 
cession  is  that  given  in  the  Table  at  the  Silurian).  A  division  of  the  Silunan  and 
end  of  the  chapter.  Dividing  the  Silurian  Devonian  systems,  each  into  three  stages, 
rocks  into  Lower,  Middle,  and  Upper,  Dr.  is  based  on  the  change  of  sediment  and  on 
Bigsby  makes  also  a  triple  division  of  the  the  fossil  contents.  The  Middle  Silurian 
Transatlantic  Devonian  rooks  analogous  to  stage  is  a  period  of  especial  transition ;  from 
that  of  Europe.  Li  addition  to  many  im-  the  coarseness  of  some  of  its  sediments,  and 
portent  inferences  respecting  the  distribu-  from  their  alternations,  as  well  as  from  the 
tion  of  paleozoic  life,  Dr.  Bigsby  infers  that  organic  poverty  prevailing."  (See  the  abs- 
"  the  Silurian  and  Devonian  systems  of  traiot  of  his  memoir  in  the  Prooeediags  of 
New  York  belong  to  one  connected  period ;  the  Geological  Society  of  London,  No.  6, 
being  the  products  of  successive  and  vary-  Session  1857--8.) 
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Judging  also  from  the  included  organic  remains,  such  as  Goniatites,  identical 
with  those  of  the  duchy  of  Nassau  in  Germany,  Murchisonia  bilineata,  Pro* 
ductus  subaculeatus,  Athyris  concentrica,  and  other  fossils,  M.  de  Vemeuil 
further  included  in  this  group  the  Chemung  rocks,  the  Hamilton  and  Marcellua 
shales,  and  the  Cliff  limestone  of  Ohio  and  Indiana  (Comiferous  and  Onondaga 
limestones).  The  last-mentioned  deposits  contain  fossil  fishes  analc^us  to 
those  of  Scotland,  besides  some  characteristic  Devonian  shells.  Again,  the 
occurrence  of  an  ichthyolite  of  the  genus  Asterolepis,  associated  with  forms  of 
Spirifer,  in  the  Schoharie  grit  of  New  York,  necessarily  placed  that  rock  also 
in  the  Devonian  series. 

As  fossil  fishes  have  usually  proved  the  most  exact  indicators  of  the  age  of 
rocks,  the  occurrence,  in  these  Devonian  strata,  of  Asterolepis,  a  genus  common 
in  the  central  Scottish  beds  of  this  epoch,  and  the  intermixture  of  other 
ichthyolites,  identical  with  those  of  the  same  country,  with  shells  of  the  Eifel 
and  of  Devonshire,  are  to  me  the  most  convincing  proofs  that  these  diversified 
deposits  in  North  America  (like  those  of  Russia,  the  Rhenish  provinces,  and 
Devonshire)  are  simply  equivalents,  in  time,  of  the  very  grand  British  deposits 
called  Old  Red  Sandstone.  For,  it  must  be  recollected,  that  under  this  term, 
and  particularly  in  the  north-east  of  Scotland,  are  included  conglomerates^ 
sandstones,  grey  schists,  limestones,  and  flagstones,  as  well  as  sandstones  of 
both  red  and  whitish-yellow  colours ;  in  all,  many  thousand  feet  thick.  (See 
pp.  270,  280  ei  seq.) 

In  one  portion  of  the  Canadas,  Mr.  Logan  has  estimated  the  Devonian  rocks 
to  have  a  thickness  of  7000  feet;  and  in  the  State  of  New  York  they  occupy  a 
more  considerable  space  than  the  Silurian.  But  this  Devonian  series  of  mica- 
ceous sandstones  and  schists  thins  out,  as  it  passes  westwards  into  the  States  of 
Ohio,  Indiana,  and  Kentucky,  and  disappears  entirely  on  the  Mississippi,  where 
the  Carboniferous  strata  repose  at  once  on  those  of  Silurian  age. 

CarhofdferouB  Itoeks, — ^The  Carboniferous  rocks  are,  as  is  now  well  known, 
developed  in  the  United  States,  in  basins  of  vaster  dimensions  than  in  any  part 
of  Europe.  By  aid  of  their  included  fauna  and  flora,  the  American  strata  are 
absolutely  identified  with  the  deposits  of  like  age  in  Europe.  Great  masses  of 
sandstone  and  schists,  once  considered  to  be  Devonian,  and  so  coloured  in  early 
geological  maps  of  the  United  States,  have  been  shown  by  M.  de  Vemeuil  to 
be,  from  their  imbedded  fossils,  of  Carboniferous  age.  These  masses,  which 
are  of  considerable  thickness,  form  the  true  base  of  the  carboniferous  rocks  of 
North  America,  and  are  probably  the  equivalents  of  much  of  the  yellow  sand- 
stone of  Ireland,  as  well  as  of  certain  rocks  in  Westphalia,  which  were  formerly 
classed  with  the  '' Grauwacke,"  but  are  now  ascertained  to  belong  to  the  inferior 
carboniferous  beds  of  the  Rhenish  provinces.    (See  p.  427.) 

Next  follows  the  Carboniferous  limestone  (Mountain  limestone  of  early  English 
geologists),  which,  whilst  it  encircles  the  great  coal-fields  of  Michigan,  Illinois, 
and  the  southern  part  of  the  Appalachian  coal-field,  is  wanting  in  Pennsyl- 
vania and  Ohio.  This  rock  contains  many  varieties  of  Productus ;  viz.  P.  semi- 
reticulatns,  P.  Cora,  P.  punctatus,  &c,  with  species  of  Bellerophon,  Goniatitee, 
Spirifer,  and  Terebratula,  known  not  only  in  Britain,  but  also  in  many  parts 
of  Europe  and  Asia  *. 

*  The  oestraciont  fishes  of  lUinois,  discovered  by  Dr.  B.  Shumard.  have  been  de- 
scribed by  Dr.  Joseph  Leidy  (Trans.  Amer.  PhiL  Soc.  toL  xL  p.  687). 


Digitized  by  VjOOQIC 


Chap.  XVin.]  SILTJBIAN  FOSSILS— AMEBICA.  403 

The  Foraminifeny  a  group  of  which  few  traces  occur  in  the  lower  paleozoic 
strata,  have  also  a  veiy  wide  range ;  for  the  very  same  species  (Fusulina  cylin- 
drica),  which  so  alxnmds  in  Southern  Russia^  is  also  found  in  the  carboniferous 
rocks  of  N.  America. 

The  lamelliferous  corals  (Zaphrentis,  Lithostrotion,  &c)  are  not  absent ;  but 
they  are  chiefly  of  species  distinct  from  those  of  Europe ;  and  some  of  the  forms 
of  this  group  most  characteristic  of  the  old  continent  (Syringopora^  Amplezus, 
&C.)  appear  to  be  absent  from  this  series  in  the  new. 

It  is  unnecessary  here  to  dilate  upon  the  vast  overlying  productive  coal-fields, 
whichy  occupying  distinct  basins  of  stupendous  dimensions,  have  been  described 
by  numerous  native  authors,  and  have  been  well  depicted  by  Lyell  and  Dawson. 
But  I  must  advert  to  the  great  similarity — nay,  identity — ^between  the  plants  of 
these  vast  coal  deposits  and  those  of  Europe.  It  is  a  feature  highly  worthy 
of  the  special  notice  of  geologists,  that  at  this  early  period  the  same  species  of 
gigantic  plants  were  spread  over  an  enormous  area  of  the  earth's  surface,  which, 
from  the  nature  of  its  vegetation^  must,  therefore,  have  been  under  the  same 
conditions  of  atmosphere  and  climate,  if  not  of  physical  outiine.  This  specific 
agreement  is  indeed  curiously  at  variance  witii  the  sharp  distinction  between 
the  existing  floras  of  N.America  and  Europe.  (See  Lyell's  Travels  in  N.America, 
first  edition.) 

This  short  notice  of  the  development  of  the  earlier  fossiliferous  rocks  in  the 
United  States  cannot  be  concluded  without  a  special  allusion  to  the  important 
additions  made  to  this  branch  of  knowledge  by  certain  American  authors.  The 
researches  of  Mr.  James  HaU,  as  recorded  in  his  work  on  the  Paleontology  of  the 
State  of  New  York*,  have  shown  that,  with  increased  observation,  the  difficulty 
is  great  (except  for  short  distances  and  in  limited  tracts)  in  drawing  an  arbitrary 
line  between  the  lower  and  upper  divisions  of  the  Silurian  system.  The  thinning 
out  or  thickening  of  the  subdivisions  termed  Medina  sandstone,  and  the  Clinton 
and  Niagara  groups,  are  accompanied  by  just  the  same  kind  of  intermingling  of 
fossils  which  has  been  observed,  though  to  a  greater  extent,  in  the  British 
Isles.  Several  species,  says  Mr.  Hall,  known  before  only  in  the  lower  are  now 
found  at  the  base  of  the  higher  group.  But,  before  we  can  speak  of  the  number 
of  species  which  range  from  the  Lower  into  the  Upper  Silurian,  all  the  older 
fossUs  of  North  America  must  be  examined  and  compared.  Even,  however,  in 
the  one  State  of  New  York  we  learn,  that  Bellerophon  bilobatus,  Orthis  lynx, 
Strophomena  (Leptesna)  altemata,  and  some  other  forms  common  to  Europe 
and  America,  and  abundant  in  the  Lower  SUurian,  occur  in  the  higher  part  of 
the  Medina  sandstone,  which  in  that  country  is  intimately  united  with  the 
upper  division. 

The  same  elaborate  work  of  Mr.  Hall  must  be  consulted  for  the  figures  of  many 
species  of  fricoids  common  to  the  Medina  sandstone  last  noticed,  and  the  asso- 
ciated Clinton  group.  Numerous  tracks  or  trails  of  gasteropods  and  Crustacea 
also  occur,  indicating  that  the  sediment  so  marked  was  accumulated  in  shallow 
water,  or  under  ebbing  and  fiowing  tides,  and  on  sloping  shores.  To  the  con- 
sideration of  these  data  we  shall  return  in  the  last  chapter,  in  explaining  the 
conditions  under  which  some  of  the  oldest  marine  deposits  were  formed. 

Notice  must  also  here  be  taken  of  the  survey  of  the  extensive  territories 
of  Wisconsin,  Iowa,  and  Minnesota,  by  which  Dr.  Dale  Owen  has  extended 
*  Nat  Hist.  New  York,  part  yi.  PaleontoL  voL  ii.  1862,  p.  8. 
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true  paleozoic  classification  on  a  veiy  broad  scale.  The  area  examined  by  this 
author  and  his  associates,  Drs.  Norwood  and  Shumard,  is  much  larger  than  Great 
Britain ;  and  by  &r  the  greater  portion  of  its  subsoil  is  referred  by  them  to  the 
Silurian,  Deyonian,  and  Carboniferous  rocks  *.  This  magnificent  region  is  tra- 
versed by  the  Mississippi  in  its  descent  from  the  boundaries  of  British  America 
and  Lake  Superior,  and  is  included  between  that  mighty  river  and  its  huge 
affluent  the  Missouri.  Surrounding  and  supporting  an  enormous  carboniferous 
tract,  the  older  primeval  rocks  rise  out  successively  in  very  slightly  inclined 
positiona  The  results  of  this  survey  which  have  most  interested  me  are  the 
discovery  of  two  bands  containing  trilobites,  in  the  lowest  Silurian  sandstone, 
and  the  fact  that  the  organic  forms  of  these  beds  are  considered  to  be  referable 
to  the  primordial  Silurian  zone  (Barrande),  such  as  it  exists  in  Bohemia  and 
Scandinavia,  or  in  the  ^'Lingula  flags"  of  Britain.  (See  pp.  42,  869,  d94.) 
We  thus  obtain  proofis,  that  the  earliest  fossiliferous  deposit  of  America,  whether 
in  the  condition  of  sandstone  at  Potsdam,  and  in  the  western  region  of  the  Mis- 
sissippi, or  as  the  metamorphic  and  slaty  rocks  of  the  eastern  seaboard  of  the 
United  States,  does  really  contain,  as  in  Europe,  the  first  dearly  recognizable 
fossil  animals  which  pertedn  to  the  series  of  Silurian  lifef* 

Recently,  indeed,  specimens  of  a  very  large  species  of  true  Paradoxides  have 
been  foimd  by  Professor  W.  Rogers  in  a  band  of  siliceous  and  argillaceous  slate, 
ten  miles  to  the  south  of  Boston,  which  is  enclosed  between  great  masses  of 
igneous  rocks.  Learning  from  Professor  Ramsay  that  he  has  seen  other  proofs 
that  these  eastern  crystalline  rocks  are  of  Lower  Silurian  age,  as  pointed  out  to 
him  by  J.  Hall,  I  venture  to  suggest  that  much  of  the  crystalline  masses  which 
flank  the  coal-fields  of  the  British  Colonies  of  New  Brunswick,  Nova  Scotia, 
&c.,  may  also  prove  to  be  metamorphosed  Silurian  strata.  Such  a  result  will 
greatly  extend  the  structural  analogy  already  shown  to  exist  between  North 
America  and  the  Highlands  of  Scotland. 

The  Lower  Silurian,  so  termed  and  laid  down  on  their  map  by  Dale  Owen  and 
his  associates,  consists,  in  its  inferior  portion,  of  pebble-beds,  grits,  and  sand- 
stone t  of  red  and  greenish  colours,  which,  as  they  range  upwards,  begin  to 
alternate  with  magnesian  limestone.  Then,  in  ascending  order,  the  limestones 
with  green  grains  (resembling  some  of  the  Russian  Lower  Silurian,  p.  374)  pre- 
dominate, uid  are  in  parts  oolitic,  in  other  parts  quartiose  and  cherty.  Agidn, 
sandstones,  usually  white,  recur,  and  are  surmounted  by  shelly  beds,  which,  in 
Iowa  and  Wisconsin,  represent  the  Trenton  limestone  of  New  York,  or  the 
Llandeilo  formation  of  Britain. 

*  This  work,  following  so  manv  other  dam  sandstone),  are  tenned  by  Dr.  Owen, 

valuable  publications,  is  a  proof  that  the  Dikelooephalus,      LonchooephaluB,     Ac 

Senate,  as  well  as  the  State  governments,  Judging  from  the  (hn&wings,  these  genera 

have  justiy  appreciated  the  value  of  the  seem  to  be  referable  to  the  same  group  as 

application  of  geological  sdenoe  as  a  pre-  Paradoxides.    Thev  are  associated  with 

lude  to  the  setUement  of  a  new  oountiy.  Fucoids  and  Linguue.  After  studying  the 

t  See  *  Proofr  of  the  Protozoic  age  of  work  of  Dr.  Date  Owen,  M.  Barrande  is 

some  of  the  altered  rocks  of  Eastern  Mas-  convinced,  that  the  aotiior  has  established 

sachusetts,'  by  Professor  W.  B.  Rogers,  in  the  New  World  the  proof  of  the  exist- 

Proc.  American  Academy  of  Arts   and  ence  of  the  primordial  Silurian  zone  of 

Sciences,  voL  iiL  1856 ;  and  Proc.  Boston  Bohemia  and  Sweden,  and  tiie  same  order 

Nat.  Hist.  Soc.  vol.  ri.  pp.  27,  40,  &c.  of  succession  upwards  from  it  into  the 

X  The   Trilobites  of  this,  the  lowest  mass  of  the  Silurian  strata,  as  in  Europe, 

fossiliferous  stratum  in  America  (the  Pots-  In  this  view  de  Yemeuil  coincides. 
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The  Upper  Silurian  rocks  are  poorly  represented^  in  thesd  unfirequented  tracts, 
by  what  Dr.  Dale  Owen  terms  the  Upper  Magnesian  Limestone,  consisting  of 
beds  with  corals  and  Pentameri ;  all  traces  of  the  equiyalents  of  the  Ludlow 
rocks  being  absent.  The  Devonian  period  is,  however,  clearly  defined,  particu- 
larly by  its  broad-winged  Spirifers;  whilst  the  carboniferous  limestone  is  so 
expanded,  as  to  be  distinctly  referred  to  the  Yoredale  series,  of  Phillips,  in 
Yorkshire.  The  western  explorations  of  Captain  Stansbury  to  the  Mormon 
territory  and  the  Salt  Lake  of  Utah,  to  which  an  allusion  was  made  in  the 
first  chapter,  have  further  shown  us,  that  strata  charged  with  Carboniferous 
fossils  extend  to  the  edge  of  the  Rocky  Mountains,  those  great  northern  exten- 
sions of  the  Andes. 

SUurian  and  other  Paleozoic  Bocks  of  British  North  America  and  the  Arctic 
Begions. — Old  sedimentary  rocks,  similar  to  those  of  the  United  States,  range, 
as  before  partially  stated,  into  the  British  provinces  of  North  America,  where, 
after  a  long  and  able  survey,  Sir  William  Logan  has  shown  that  they  generally 
follow  the  same  symmetrical  order  as  in  the  contiguous  coimtries  of  the  United 
States.  They  have,  also,  in  their  eastern  division,  been  thrown  into  the  same 
contorted  and  occasionally  inverted  order,  as  had  been  indicated  by  the  Professors 
H.  and  W.  Rogers,  along  this  line,  in  more  southern  latitudes.  In  the  opinion  of 
the  last-named  geologists,  the  causes  of  the  rapid  curvatures  and  partial  inver- 
sions, by  which  younger  strata  have  been  so  folded  as  to  pass  under  beds  pre- 
viously formed,  were  violent  earthquakes,  the  greatest  intensity  of  which  was 
exhibited  where  the  folds  are  most  rapid  and  numerous.  As  the  intensity  of 
the  shock  diminished,  the  strata  are  supposed  to  have  rolled  on  in  broad  and 
regular  undulations,  thus  resembling  the  waves  of  the  sea  at  a  distance  from 
the  area  of  strongest  vibration.  Although  I  can  here  but  simply  advert  to 
this  ingenious  explanation,  it  is  satisfactory  to  me,  as  an  historian  of  the  older 
geological  series,  to  find  that,  by  whatever  agency  such  grand  contortions  were 
produced,  these  inverted  strata  of  North  America,  like  those  of  Europe  already 
spoken  of  (pp.  480,  &c.),  can  be  followed,  until  they  fold  out  from  their  over- 
turned positions  and  regain  their  natural  order.  This  is  shown  by  the  upper- 
most of  the  two  sections  at  p.  467,  which  serve  to  explain  the  general  relations 
of  the  paleozoic  rocks  in  N.  America. 

In  one  portion,  however,  of  Lower  Canada,  as  Sir  William  Logan  assures  us, 
just  as  in  the  west  of  the  United  States,  all  the  paleozoic  rocks,  from  the 
Potsdam  sandstone  or  Silurian  base  upwards,  as  in  Scandinavia  and  Russia 
(Chapter  14),  are  strictly  conformable.  The  only  great  break  in  that  territory, 
f .  e.  along  the  Lake  Huron,  is  between  the  Potsdam  or  lowest  fossiliferous  rock 
and  the  great  tiytfossiliferous  and  inferior  mass,  the  Huronian,  which  consists  of 
bluish  schist  with  sandstones,  chert,  and  limestones,  estimated  to  be  about  12,000 
feet  thick.  These,  again,  are  seen  to  have  been  unconformably  deposited  on  still 
older  rocks,  consisting  of  micaceous  and  chloritic  schists,  with  bands  of  crystal- 
line limestone  and  quartz  rock  (Laurentian^),  gneiss,  and  granitic  rocks*. 

*  Sir  William  Logan,  who  has  laid  down  ascending  order  in  Upper  Canada.    There, 

a  most  elaborate  and  valuable  geological  the  Lowest  Silurian  rook  does  not  repose  at 

map  of  the  Canadas,  has  pointed  out  some  once  on  gneiss  and  granite,  as  in  the  above 

of  the  chief  incidents  in  the  geology  of  these  section  across  Lower  Canada,  but  is  sepa- 

regionsin  his  Reportsof  Progress  tothePro-  rated  from  such  rooks  by  theunfossiliferous 

yincial  Government  (see  p.  460).    He  has  or  bottom  slaty  rocks  above  noted.   In  the 

also  published  a  succinct  view  of  the  whole  same  memoir  Mr.  Salter  confirmed  the  views 

2h 
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The  oldest  of  these  masses  (now  called  Lauientian)  have  connexion  with 
those  rocks  only  which  have  been  spoken  of  in  the  first  chapter  of  this  work  and 
at  pp.  21;  199,  and  366 ;  but  the  next  in  ascending  order,  the  Huronian,  or  the 
copper-slates  and  sandstones  of  the  great  lakes,  have,  to  some  extent,  the  same 
structure  as  considerable  portions  of  the  Longmjnd  or  ''bottom  rocks  "  of  the 
Silurian  region.  They  are,  in  truth,  defined  as  such  by  Logan,  being  termed  by 
him  the  equivalents  of  the  Cambrian  of  Be  la  Beche,  Ramsay,  and  the  British 
Govemment  Surveyors.  In  England  and  North  Wales  these  old  slaty  rocks 
contain  no  limestone,  but,  in  North  America^  lime  is  interlaced  with  them. 

Again,  whilst  in  Great  Britain  and  Germany  these  Cambrian  rocks  are  suc- 
ceeded conformably  by  the  Lower  Silurian,  they  have  been  severed  therefrom 
in  America,  as  in  France  and  Ireland,  by  a  grand  dislocation,  in  thus  appealing 
to  the  conditions  in  different  countries,  we  learn  the  impracticability  of  classify* 
ing  sedimentary  deposits  by  the  lines  of  fracture  and  dismemberment  alone. 
But,  in  stating  these  &cts,  I  beg  not  to  prejudge  the  question,  so  ingeniously 
developed  by  my  eminent  friend,  M.  Elie  de  Beaumont,  concerning  the  parallel 
and  discordant  directions  of  mountain-chains,  as  typical  of  certain  epochs.  The 
discussion  of  this  topic  would  require  many  chapters,  and  lead  me  away  from 
the  special  objects  of  this  work. 

In  Nova  Scotia  the  older  paleozoic  rocks  have  not  been  traced,  though 
probably,  as  before  said,  some  of  the  crystalline  rocks  may  prove  to  be  of  Silu- 
rian age ;  but  the  productive  coal  formation  is  there  magnificently  displayed*. 

In  taking  a  general  view  of  the  physical  structure  of  the  northernmost  portion 
of  America,  Richardson,  the  great  Arctic  traveller,  considers  that,  on  the  whole, 
the  granitic  and  crystalline  rocks  of  the  central  and  eastern  countries  of  the 
Hudson's  Bay  territories  (the  Laurentian)  are  surmounted  by  few  other  deposits 
on  the  west  and  north,  except  by  masses  of  Silurian  age,  and  veiy  young  tertiary 
strata.  In  his  graphic  description  of  the  structure  of  Canada,  Lyell  expresses  the 
same  opinion.  '*  I  seemed,''  says  he,  ''  to  have  got  back  to  Norway  and  Sweden, 
where,  as  in  Canada,  gneiss  and  mica  schist,  and  occasionally  granite,  prevail  over 
wide  areas,  while  the  fossiliferous  rocks  belong  either  to  the  most  ancient  or  to  the 
very  newest — ^to  the  Silurian,  or  to  deposits  so  modem  as  to  contain  exclusively 
shells  of  recent  species  f.^'  From  the  western  shore  of  Lake  Winnipeg,  a  limestone 
with  gigantic  Orthocerata  (aUied  to  those  described  by  Dr.  Bigsby  and  Mr. 
Stokes  I,  from  the  Upper  Silurian  of  Drummond  Island),  and  the  strange  fossil 
ReceptaculiteeJ,  was  traced  in  horizontal  sheets  stretching  westwards  over  four 

of  Sir  W.  Logan  with  regard  to  the  age  of  atone  is  not  present,  a  large  and  fine  spe- 

the  strata  in  Lower  Canada,  and  identified  dei,  the  M.  Logani,  takes  its  phkoe.    See 

many  fossils  as  equlTslents  of  the  New  York  Bep.  Brit.  Assoc.  1861,  Trans.  Sect.  p.  68. 

series.  SeeBeport  Brit.  Assoc.  1861,  Sect.  *  For  fall  desoriptionB  of  these  rocks,  I 

p.  69,  and  also  Quart.  Geol.  Joum.  voL  viiL  most  refer  the  reader  to  memoin  in  Ihe 

p.  199.    It  is  wdl  here  to  observe,  that  in  Journal  of  the  Geological  Society,  by  Sir 

some  parts  of  Canada,  howerer,  as  on  the  Charles  Lyell,  Mr.  Dawson,  and  Sir  W. 

Ottawa  Biver,  the  minute  subdiyisions  jof  Logan. 

the  Lower  Sflurians  of  the  New  York  ter-  f  Travels  in  K.  America,  let  series,  ed.  1, 

ritory  are  no  longer  traceable.    There,  one  voL  li.  p.  124. 

limestone  of  vast  thickness  contains  within  t  Bigsby  and  Stokes,  OeoL  Tr.  2nd  ser. 

it   the  fossils  of  the   Bird's-eye,  Black  vol.  L    Similar  Orthoceratites  were  found 

Biver,  and  the  Trenton  group.    Even  the  by  Sir  W.  Logan  further  to  the  east,  in 

lowest  limestone,  the  Ch^,  is  represented  rocks  of  Upper  Silurian  age. 

in  this  calcareous  mass;  for  though  the  §  Now  referred  by  Mr.  Salter  to  the 

great  Maclurea  magna  of  the  Chazy  lime-  Foraminifera,  as  a   giganUo  form  allied 
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or  five  degrees  of  longitude.  Thoiigli  this  plateau  is  separated  from  the  Eocky 
Mountains  by  a  broad  belt  of  the  prairies  of  the  SaBkatchewan,  the  bed  of  that 
rirer  is  full  of  limestone  blocks  which  indicate  the  persistence  of  the  rock. 
After  crossing  Methy  Portage,  in  lat.  66}°,  Richardson  again  met  with  ezten- 
sire  calcareous  deposits.  The  fossils  which  were  gathered  from  this  tract  (Pro- 
ductus,  Orthis,  Spirifer,  &c.)  seem,  however,  to  indicate  an  ascending  order  into 
beds  of  Devonian  and  Carboniferous  age  *,  particularly  in  the  wide  spread  of 
calcareous  matter  along  the  Elk  and  Slave  rivers,  and  upon  the  banks  of  the 
Mackenzie.  Where  the  last-mentioned  river  skirts  the  Rocky  Mountains,  the 
limestones,  more  disturbed  than  in  the  Winnipeg  basin,  occupy,  says  Richardson, 
inclined  and  elevated  ridges,  the  chief  of  which  he  considers  to  be  Silurian ; — 
these  ridges,  on  the  Great  Bear  Lake  and  the  Coppermine  River,  abut  against 
granite.  In  a  letter  to  myself,  he  adds,  "1  believe  the  strata  of  sandstone  and 
limestone  on  the  north  coast  of  America  to  be  wholly  Silurian,  though  fossils  are 
scarce.  Towards  the  mouth  of  the  Coppermine  River  there  are,  besides,  magni- 
ficent ranges  of  trap  with  ores  of  lead  and  copper,  including  much  malachite.** 

To  whatever  extent  it  may  be  found  possible  to  separate  the  Silurian  rocks 
which  range  along  the  Rocky  Mountains  into  a  Lower  and  an  Upper  group, 
it  would  at  least  appear,  from  the  specimens  which  have  been  collected  by 
our  naval  explorers  employed  in  the  Arctic  expeditions,  that  the  great  mass  of 
the  most  northern  rocks  belongs  to  the  Upper  Silurian  group.  This  is  certainly 
the  case,  if  we  judge  from  the  collections  made  during  the  voyages  of  Parry, 
Franklin,  Ross,  Back,  Austin,  and  Ommanney,  and  the  private  expeditions  of 
Lady  Franklin,  particularly  those  of  Penny  and  Inglefield,  and  the  late^ 
expedition  under  Sir  E.  Belcher.  The  fossils  brought  home  by  these  com* 
manders,  and  the  officers  and  gentlemen  accompanying  them,  have  been 
examined  and  described t  by  Mr.  Salter;  and  from  his  scrutiny  it  results,  that 
the  Crustacea  and  moUusca  are  very  similar  to,  and  some  of  them  identical 
with,  those  of  Dudley  or  Gothland.  Among  these  occur  Encrinurus  hevis, 
Angelin,*  LeperditiaBalthica,  His. ;  Pentamerus  conchidium,  Dalm. ;  Chonetes 
(Leptffina)  lata  P  v.  Buch ;  with  Upper  Silurian  forms  of  Orthoceras,  Murchi- 
sonia,  Strophomena,  Orthis,  Rhynchonella,  Sec.,  besides  Encrinites,  and  veiy 
numerous  corals,  including  the  chain-coral,  the  Favosites  Gt)thlandicus,  F.  cris- 
tatus  or  polymorphus,  and  several  other  species  characteristic  of  this  division 
of  the  Silurian  system,  and,  as  might  be  expected,  of  American  rather  than 
European  types. 

The  same  inference  has  been  drawn  by  the  geologists  who  have  surveyed  the 
rocks,  and  the  naturalists  who  have  examined  the  fossils,  of  the  northern  edge 
of  the  great  granitic  region  of  the  Laurentine  Mountains.  Their  conclusion  is, 
that,  whilst  on  the  south  side  a  succession  is  seen  from  the  crystalline  strata 
into  a  copious  and  diversified  Lower  Silurian,  as  above  explained,  the  northern 
side  of  the  Hudson's  Bay  territory  is  chiefly  occupied  by  Upper  Silurian  lime- 
to  Orbitolites,  which  is  seldom  found  more  ferous.  Unluckily  numerous  fossils  brought 
than  half  an  inch  in  diameter ;  but  these  home  b^  Sir  John  Richardson  in  1826  hare 
older  representatives  of  the  order  were  not  been  mislaid, 
less  than  six  or  seven  inches,  and  of  a  pro-    .    f  Appendix  to  Sutherland's  Jomnal  of 


portionate thickness!  CaptPenn^'sYoyaffe;  1850-61.  Xiondon, 

*  A  few  specimens  of  the  fossils  of  these  1852,  voL  ii.  vrith  plates.    See  also  Quart, 

rocks  are  in  the  British  Museum ;  they  are  Joum.  Qeol.  Soc.  vol.  ix.  p.  312, 1853, 
Upper  Silurian,  Devonian,  and  Carboni- 
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stones  *.  This  inference  is  foiinded  on  the  occurrence,  at  the  base  of  the  whole 
fossiliferous  series  in  that  district,  of  a  profusion  of  corals,  seyeral  of  which  are 
characteristic  of  the  Niagara  and  Onondaga  limestones  (Wenlock  or  Dudley), 
together  with  the  trilobite  Encrinurus  punctatus,  the  shells  Atrypa  reticularis 
and  Pentamerus  oblongus,  with  several  other  mollusca — Onnooeras,  &c,  indi- 
cative of  the  lower  portion  of  the  Upper  Silurian  group.  Now,  as  in  all  the 
vast  extent  of  land  that  has  been  surveyed  in  the  Polar  circle,  no  trace  of  an 
inferior  Silurian  formation  has  yet  occurred,  the  inference  seems  justifiable  that 
diuing  that  period  the  Polar  land,  indeed  all  the  region  north  of  the  Laurentine 
dome,  was  raised  above  the  water,  and  was  subsequently  depressed  to  receive 
successively  the  Upper  Silurian,  Devonian,  Carboniferoust^  and  even  some 
secondary  deposits. 

Looking,  indeed,  to  that  vast  Arctic  region,  so  little  accessible  to  any  man  of 
science,  the  geologist  has  good  reason  to  be  thankful  for  the  knowledge  already 
obtained,  which  has  enabled  him  to  classify  the  older  sedimentary  rocks  of  icy 
regions,  never  trodden  by  civilized  man  before  the  present  century. 

In  terminating  this  outline  of  the  succession  of  the  older  fossili- 
ferous rocks  of  America,  let  me  r^nind  the  reader  of  the  vast 
extent  to  which  this  continent  is  composed  of  Silurian^  Devonian, 
and  Carboniferous  formations.  In  the  Western  hemisphere,  as  iii 
Europe,  the  first  clear  signs  of  life  are  met  with  at  the  same  low 
horizon  in  the  crust  of  the  earth;  and  similar  great  groups  are 
clearly  distinguishable.  We  also  observe^  that  fishes,  which^  so  far  as 
clearly  known^  were  called  into  existence  only  at  the  close  of  the 
Silurian  period]:,  and  were  of  such  peculiar  forms  in  the  Devonian 
epochs  become  conspicuous  in  the  Carboniferous  deposits  of  Ame- 
rica, and  exhibit  many  new  types,  including  the  remarkable  large 
sauroid  fishes  of  Agassiz.  Again^  with  a  small  amount  of  land 
vegetation  in  the  Devonian^  the  Carboniferous  rocks  of  America  are 
characterized  by  the  same  abundant  flora^  and  even  by  many  species 
of  the  same  sheUy  remains  as  in  Europe^  together  with  sauroid 
animals;»  The  only  essential  difference^  which  was  supposed  to  exist 
when  the  first  edition  of  this  work  was  published,  between  the  older 
rooks  of  the  two  hemispheres  was,  that  America  offered  no  indica- 

*  Sir  W.  Logan  has  found  that  these    most  northern  latitudes  explored.  See  Bel- 
limestones  at  the  head  of  Lake  Temisca-    Cher's  '  Last  of  the  Arotio  Yqyaffes,'  voJ.  ii 


mang  indude  enormous  blocks  of  the  sand-  pL  35 ;  M'dintock,  Journal  of  the  Boyal 

stone  on  which  they  rest ;  so  that,  in  all  Dublin  Sociefy,  Feb.  1857,  p.  26 ;  see  aJso 

probabOitj,  they  are  littoral  deposits,  and  Bep.  Brit.  Assoc.  1855,  Trans.  Sect.  p.  211< 

Pentamerus  was  not  a  deep-sea  shelL  t  Beasons  were  adduced  in  the  first  edi- 

t  The  Permian  rocks  occur  in  Spitzber-  tion,  to  show  that  the  forms  supposed  to 

t  but  have  not  yet  been  obserrea  in  the  belong  to  fishes  in  tKie  Niagara  ^mestone 


regions  of  North  America.  Certain  and  Ginton  groups  were  probably  parts  of 
secondary  limestones  are  charged  with  Am-  Crustaceans  or  of  Annelida.  We  have  as 
monites  and  bones  of  Ichthyosanriin  the    yet  found  them  only  in  Upper  Ludlow  rock. 
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tion  of  the  upward  termination  of  paleozoic  life^  whicli  in  Europe  is 
marked  by  the  Permian  deposits.  But  even  that  distinction  has 
been  removed  by  the  recent  discovery  of  strata  containing  many 
true  Permian  species  in  the  north-eastern  part  of  Texas^  and  the 
same  formation  is  now  known  to  occur  also  along  the  eastern  edge 
of  the  Rocky  Mountams^ ;  thus  teaching  us  that  all  the  seas  of 
paleozoic  times,  even  the  very  last  of  them,  had  a  quasi  universal 
extension,  and  were  inhabited  by  similar  groups  of  animals  over 
enormously  wide  areas. 


*  The  fossils  which  hare  brought  out 
this  ooinddenoe  between  the  youngest  pa- 
leozoic rocks  of  the  New  and  Old  Wond, 
were  discovered  by  Major  F.  Hawn  and 
Dr.  Cooper,  and  being  sent  by  them  to 
Mr.  Meek  of  New  York,  that  gentleman 
and  Dr.  Hayden  have  described  some  of 
them  as  belonginff  to  Monotis,  Myalina, 
Bakerellia,  Leda  (Nucula),  Pleurophorus, 
PanopiBa,  Nautilus,  &c.  See  Trans.  Albany 
Institute,  March  1858.  These  authors  haye 
no  doubt  that  the  shells  are  of  the  Permian 

X  Professor  Swallow  of  Missouri,  to 
»m  another  collection  had  been  sent 
by  Major  Hawn,  arriyed  at  the  same  con- 
clusion, and  enumerates  seywal  species 
identical  with  European  forms,  also  many 
corals.  As  these  Permian  fossils  haye  al- 
ready been  procured  from  spots  100  miles 
distant  from  each  other,  and  haye  been  eyen 
traced  to  the  northern  border  of  Missouri, 
the  strata  in  each  case  oyerlying  the  eroded 
surfisMss  of  the  carboniferous  rocks,  I  agree 
with  the  suggestion  of  Mr.  Meek  and  Dr. 
Hayden,  that  the  formation  will  be  found  to 
haye  a  considerable  geographical  extension 
inthefiffWest. 

In  the  first  edition  of  this  work,  the 
geological  strueture  of  the  Rocky  Moun- 
tains was  spokek  of  only  as  made  known 
to  us  by  the  explorations  of  Captain  Stans- 
bury.  The  fossils  collected  by  that  officer 
and  examined  by  Mr.  James  Hall  proyed 
to  be  Lower  Carboniferous  species,  which 
occupied  limestones  oyerl^g  metamor- 
phio  schistose  strata  associated  with  gra- 
nite. To  this  knowledge,  M.  Jules  Maroou 
(now  Professor  of  Geology  at  Zurich,  and 
who  had  passed  some  months  in  the 
elevated  region  of  the  Rocky  Mountains 
of  Mexico)  made  the  important  addition  of 
an  upper  carboniferous  zone  ooyered  by  a 
magneeian  limestone,  and  followed  by 
Triasaic,  Jurassic,  Cretaceous,  and  Tertiaiy 
rocks.  Thisyiewof  the  order  of  succession 
was  commimicated,  indeed,  as  oariy  as 
18&d  to  the  Geological  Society  of  France ; 


and,  recurring- to  it  in  other  works,  and 
in  his  general  map,  published  in  succeeding 
years,  M.  Maroou  has  recently  brought 
together  all  his  obserrations  in  one  volume. 
(* Geology  of  North  America;  with  two 
Reports  on  the  Provinces  of  Arkansas  and 
Texas,  the  Rocky  Mountains  of  New 
Mexico,  and  the  Sierra  Nevada  of  Cali- 
fornia, originally  made  for  the  United 
States  Government.*  April  1858,  Zurich. 
See  also  BibL  Univ.  de  Geneve,  Juinl858.) 

The  magnesian  limestone  above  the  coa^ 
of  which  this  author  has  spoken,  may 
&irly  be  considered  of  Permian  ase,  if  we 
judge  from  the  fossils  contained  m  strata 
occupying  the  same  rehitive  position  in 
Kansas,  discovered  by  Major  Hawn.  Dis- 
persed specimens  of  ttie  same  fossils  have, 
mdeed,  been  found  by  MM.  Meok  and 
Hayden  in  the  Black  HiUs  on  the  eastern 
flank  of  the  Rooky  Mountains,  near  the 
northern  affluents  of  the  Platte  river,  in 
Lat.  68°  to  54%  and  W.  Long.  104°. 

This  last-mentioned  region,  which  ia 
separated  from  that  explored  by  M.  Maroon 
by  9  decrees  of  latitude,  appears  to  con- 
tain, besides  the  rocks  deacribed  by  that 
author,  a  band  of  Potsdam  sandstone,  or 
Lower  Silurian  rock,  beneath  the  carbo-' 
niferous  deposits,  as  well  as  the  over- 
lying secondary  and  tertiary  series  of  that 
author.  These  later  deposits  aro  not 
treated  of  in  this  volume.  It  will,  how- 
ever, be  a  sul]rject  of  great  interest  to  me^ 
should  the  Permian  aone  be  found  to  range 
northwards  from  Kansas  and  Mexico  into 
the  British  territories.  If  my  memory  does 
not  £ul,  certain  small  Producti,  and  other 
fossils  in  a  macnesian  limestone  brou^t 
home  by  Sir  John  Richardson  in  his  early 
travels  with  Franklin,  and  which  have  been 
mislaid,  are  also  Permian ;  and  in  this  oase^ 
a  Bone  of  that  age  may  be  said  to  extend 
at  intervals  from  Kansas  and  the  Rocky 
Mountains  of  Mexico  even  into  the  Arctic 
regions  watered  by  the  great  Mackeude 
River. 
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The  following  Table  la  thus  explained  by  Professor  Ramsayy  who  attended  the 
meeting  of  the  American  Association  for  the  Advancement  of  Science,  held  at 
Montreal  in  1657,  as  the  representative  of  the  Geological  Society  of  London : — 
^'In  Canada  I  had  the  advantage  of  the  able  guidance  of  Sir  William  Logan, 
whose  maps,  reports,  and  museum  reflect  so  much  credit  on  the  Colonial  Govern- 
ment; and  in  a  great  part  of  the  State  of  New  York  I  was  conducted  by  Pro- 
fessor James  Hall,  of  Albany,  over  the  most  typical  sections.  With  him  I  also 
examined  his  unequalled  collection  of  Silurian  and  Devonian  fossils ;  and  sub- 
sequently those  in  the  G^eological  Museum  at  Montreal  Chiefly  from  Mr.  Hall, 
and  partly  from  Mr.  Billings,  Pal»ontologist  of  the  Canadian  Survey,  lists  of 
characteristic  genera  and  species  were  obtained  for  all  the  rocks  excepting  the 
Medina  sandstone  and  Oneida  conglomerate;  the  lists  for  these  were  mostly 
derived  from  Mr.  Billings'  catalogue  of  the  fossils  lately  discovered  in  the  Island 
of  Anticosti  by  Mr.  Richardson, 

''in  North  America  the  Huronian  rocks  lie  unconformably  on  the  Lauientian 
gneiss,  like  the  Cambrian  conglomerate  on  the  more  ancient  gneiss  of  the  N.  W. 
of  Scotland  (see  p.  199).  In  ascending  order,  the  Potsdam  sandstone  occupies 
the  same  position  with  the  Lingula  flags,  and  lithologically  strongly  resembles 
the  gritty  beds  of  the  Stiper  Stones  and  those  in  the  Lingula  beds  of  Caer- 
narvon. The  calciferous  sand-rock  and  Chazy  limestone  may  also  be  paralleled 
with  the  strata  containing  Madurea,  Ophileta,  &c.,  in  Sutherland,  pp.  181, 217. 

<<The  Bird's-eye,  Black  River,  and  Trenton  limestones  occupy  the  general 
pomtion  of  our  liandeilo  flags ;  and,  though  the  trilobites  show  a  mixed  cha- 
racter, several  of  them  (Asaphus,  Blienus,  &c.)  are  characteristic  of  our  liandeilo. 
In  the  large  assemblage  of  Brachiopoda,  these  deposits,  however,  more  nearly 
resemble  the  British  Caradoc  than  the  Llandeilo  type.  So  many  fossils,  indeed, 
are  conunon  to  the  Trenton  and  Hudson  River  rocks,  that  lithological  distinc- 
tions chiefly  divide  them. 

^'  The  XJtica  slate  is  often  inseparable  from  the  Hudson  River  beds.  Both  of 
them  bear  the  strongest  lithological  resemblance  to  the  Bala  rocks  that  lie  above 
the  igneous  rocks  of  the  Arenigs  and  Arans.  In  both,  black  gn^tolite  shale  lies 
at  the  base,  with  arenaceous,  slaiy,  fossiliferous  beds  above  them. 

^'The  Oneida  and  Medina  rocks  may  well  be  compared  with  the  Lower  Llan- 
dovery (Pentamerus)  rocks;  whilst  the  Clinton  group  and  Niagara  shale  and 
limestone  present  striking  resemblances,  both  in  fossils  and  structure,  to  the 
British  series  between  the  base  of  the  Upper  Uandovezy  (Pentamerus  oblongus) 
and  the  top  of  the  Wenlock. 

'<The  Onondaga  salt  group  is  singularly  destitute  of  fossils;  but,  with  the 
exception  of  its  gypsum,  is  not  unlike  the  muddy,  partially  calcareous  Lower 
Ludlow  rocks.  The  Lower  Helderberg  series  is,  however,  much  more  calcareous 
than  the  greater  part  of  the  British  Ludlow  rocks.  It  is  united  by  fossils  with 
the  Niagara  series  below.  It  seems  possible  that  the  precise  equivalents  of  the 
uppermost  British  Ludlow  rocks  are  absent  in  this  part  of  America.  The  sudden 
increase  in  Spirifers  of  a  peculiar  type  clearly  points  out  the  Oriskany  sandstone 
as  the  beginning  of  the  American  Devonian  series,  as  first  shown  by  M.  de 
VemeuiL  A  considerable  number,  however,  of  Lower  Helderberg  species  pass 
upwards  into  the  Oriskany  sandstone.  The  red  sandstones  of  the  Catskill  Moun- 
tains belong  to  that  debateable  zone  which  unites  the  Devonian  with  the  base 
of  the  CariK>niferous  strata.'' 
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CHAPTER  XIX. 

ON  THE  OEiamAL  FORMATION  OP  GOLD,  AND  ITS  SUBSEQUENT 
DISTRIBUTION  IN  DEBRIS  OVER  VARIOUS  PARTS  OP  THB 
EARTH'S  SURFACE. 

Considering  the  great  quantity  of  gold  which  has  recently  been 
found  in  California  and  Australia^  it  may  be  expected  that  an 
author  who  has  for  many  years  borne  a  part  in  the  discussions 
relative  to  this  phenomenon*  should  devote  a  few  pages  to  so 
engrossing  a  topic;  the  more  so  as  my  chief  article  of  belief  has 
now  proved  to  be  true^  viz.  that  the  rocks  which  are  the  most 
auriferous  are  of  Silurian  age.  The  views  now  put  forth  will  chiefly 
relate  to  the  geological  and  mineralogical  conditions  under  which 
gold  has  occurred.  As  a  clear  understanding  of  this  point  may 
tend^  in  some  measure^  to  allay  the  fears  of  those  who  think  that 
the  metal  may  be  discovered  over  regions  vastly  more  enormous 
than  the  tracts  to  which  it  is  restricted^  certain  geological  and 
statistical  data  and  arguments  that  I  have  advanced  in  greater 
detail  in  other  works  are  here  brought  together. 

Let  us  first  reflect  upon  the  general  &ct^  that^  whilst  all  the 
stratified  formations  are  composed  either  of  crystalline  and  paleo- 
zoic rocks,  or  of  secondary  and  tertiary  deposits,  gold  has  never 
been  found  in  any  appreciable  quantity  in  either  of  the  two  last- 
mentioned  classes  of  strata.  The  vast  areas,  therefore,  which  are 
covered  by  all  such  younger  formations  are  excluded  firom  the 
application  of  our  reasoning ;  and  every  one  who  lives  in  tracts  the 

*  See  RuBsia  in  Europe  and  the  Unl  Tiew,  1850,  vol.  IxzzTii^  Article  <  Siberia 

Moanta]ii9,pp.487«^«e9.  TraiiB.R.Geogr.  and  Califomia,' p.  89.  Quart.  Joom.  GeoL 

Soc.,  Freeident*s  Difioounes,  toL  iIt.  1844^  Soo.  Lond.  toL  yiiL  p.  184.    And,  lastly, 

1845,  in  the  first  of  which  the  Australian  '  Further  Papers  on  Uie  Recent  Discovery 

rocks  were  compared  with  those  of  the  of  Qold  in  Australia,'  presented  to  Parlia- 

UraL    Trans.  Roys!  Qeological  Society,  ment  Aug.  16, 1853,  p.  48 ;  including  my 

Cornwall,  1846,  p.  824  et  se^.y  in  which  correspondence,  in  1848,  with  Her  Ma- 

Cornish  tin  nuners  were  incited  to  emi-  jesty's  Secretazy  for  the  Colonies,  on  the 

grate  and  work  for  gold  in  Australia.    Re-  then  known  existence  of  gold  in  Austrslia, 

port  of  the  British  Association  for  the  and  tendering  my  adyioe  as  to  the  manner 

Advancement  of  Science,  1849  (Trans,  of  of  opening  out  useful  gold  works  in  the 

Sections,  p.  60).   Proceedings  of  the  Royal  colony. 
Institution^  March  1850.    Quarterly  Ke- 
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subsoil  of  which  consists  of  such  rocks^  may  at  once  be  assured^ 
that  he  can  never  profitably  extract  gold  from  them. 

Having  laid  down  this  generalization,  which  affirms  that  by  far 
the  largest  portion  of  land  on  the  face  of  the  globe  never  contains 
gold,  we  proceed  to  consider  the  nature  and  limits  of  the  gold- 
bearing  rocks,  and  then  indicate  how  the  chief  wealth  is  derived 
from  superficial  auriferous  drifted  materials  or  graveL 

Appealing  to  the  structure  of  the  different  countries  which  at 
former  periods  have  afforded  or  still  afford  any  notable  amount  of 
gold,  we  find  in  all  a  general  agreement.  Whether,  referring  to 
ancient  history,  we  cast  our  eyes  to  the  countries  watered  by  the  Pac- 
tolus  of  Ovid,  to  the  Phrygia  and  Thrace  of  the  Greeks,  to  the  Alps* 
and  golden  Tagus  of  the  Romans,  to  the  Bohemia  of  the  Middle 
Ages,  to  tracts  in  Britain  which  were  worked  in  old  times,  and 
have  either  been  long  abandoned  or  are  now  scarcely  at  all  produc-* 
tive,  or  to  those  chains  in  America  and  Australia  which,  previously 
unsearched,  have,  in  our  times,  proved  so  rich, — we  invariably  find 
the  same  constants  in  nature.  In  all  these  lands^  gold  has  been 
imparted  abundantly  to  one  class  only  of  those  ancient  rocks  whose 
order  and  succession  we  have  traced,  or  to  the  associated  eruptive 
rocks.  The  most  usual,  original  position  of  the  metal  is  in  quartzose 
veinstones  that  traverse  altered  Silurian  slates  (chiefly  Lower  Silu- 
rian), frequently  near  their  junction  with  eruptive  rocks.  Some- 
times, however,  it  is  partially  diffiised  through  the  body  of  rocks  of 
igneous  origin.  The  stratified  rocks  of  the  highest  antiquity,  such 
as  the  oldest  gneiss  (like  that,  for  example,  of  Scandinavia  and  the 
north-west  coast  of  Scotland,  pp.  180,  199),  have  never,  as  far  as 
I  know,  borne  gold;  but  there  is  no  reason,  d  priori,  why  the 

*  In  tnithy  as  above  expressed,  every  but  two  feet  below  the  surfiMW  von  found 

old  country  of  Europe,  where  the  rocks  gold,  and  that  the  diggings   (generally) 

were   once  auriferous,   has   long   ceased  were  not  deeper  than  15  feet;    that  in 

to  yield  any  valuable  amount  of  gold,  some  instances  the  gold  was  found  pure, 

In  reference  to  the  Alps,  I  am  indebted  in  lumps  of  the  size  of  a  bean  or  a  lupin, 

to  my  learned  firiend  Mr.  J.  W.  Gowell  andwhich  lost  only  one-eighth  in  smelting; 

for  pointing  out  to  me  the  following  pas-  in  others  it  required  more  smelting,  but 

sage  in  Strabo  (Book  iv.  ch.  6.  sect.  12),  was  very  profitable.    Italians  aiding  the 

by  which  it  appears  that  even  Imperial  barbarians  in  the  working  for  two  months, 

Borne  was  at  one  time  inundated  with  gold  became  forthwith  one-third  cheaper 

a  glut  of  gold  from  her  northern  moun-  over  the  whole  of  Italy ;  and  the  Taurisci 

tains : — "  Polybius  says  that  in  his  time  discovering  this,  drove  the  associate  Ita- 

the  gold  mines  were  so  rich  about  [north  lians  away  and  monopolised  it  themselves, 

of?]  Aquilesa,  but  espedallv  in  the  country  At  present  all  gold  mines  belong  to  the 

of  the  TawrUci  Norici^  that  if  you  dug  Bomans." 
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metamorphosed  Silmians  of  the  North  Highlands,  when  in  the 
state  of  mica  slate,  chlorite  slate,  or  quartz  rock  (pp.  179  and  200}^ 
should  not  prove  auriferous.  Nor  has  the  noble  metal  been  as  yet 
detected  in  those  ancient  formations  of  North  America,  both  older 
than  the  Silurian,  as  described  in  the  last  chapter,  the  Laurentian 
and  Huronian,  the  latter  being  the  representative  of  the  Cambrian 
or  Longmynd  rocks  of  Britain.  The  paleozoic  accumulations  which 
followed  (particularly  the  Lower  Silurian),  have,  in  short,  been  Uie 
deposits  which,  in  the  tracts  where  they  have  undergone  a  meta- 
morphosis or  change  of  structure  by  igneous  agency,  or  have  been 
penetrated  by  quartz  veins,  are  the  chief  sources  whence  gold  has 
been  or  is  derived. 

Seeing,  on  the  one  hand,  that  the  oldest  rocks,  and,  on  the  other, 
the  medial  and  youngest  deposits  never  contain  gold,  and  that  yet 
(as  will  be  shown)  the  metal  is  of  recent  accumulation  en  nutssej 
it  might  seem  to  follow  that  there  existed  in  those  original  deposits 
which  have  since  become  largely  auriferous,  the  elements  out  of 
which  gold  was  subsequently  brought  together  in  rich  veinstones. 
It  is  indeed  a  fSa^t,  as  will  hereafter  be  shown,  that  there  are  fine- 
grained old  schistose  sediments  in  which  gold  is  so  impalpably  dis- 
seminated, that  it  is  difficult  to  imagine  how  this  diffusion  could 
have  occurred  if  the  original  menstruum  had  not  contained  the 
elements  of  the  ore.  In  that  diffused  state  the  gold  may  have 
remained  long  after  the  consolidation  of  the  sediment,  tmtil,  in  ages 
long  posterior,  it  was  run  together  into  metallic  veinstones  by  meta- 
morphic  action,  or  segregated  into  the  lumps  and  filaments  in 
which  it  now  occurs.  But,  however  we  may  account  for  them,  the 
facts  are  those  which  I  have  for  many  years  exposed — ^viz.  that  a 
certain  geological  zone  only  in  the  crust  of  the  globe  has  been  ren- 
dered richly  auriferous*. 

*  When  preparing  this  vfork  for  preu,  I  which  he  terms  '  catawherite,'  Mr.  liebor 

reoeiYed  a  letter  from  Mr.  lieber,  the  State  affirmB,  that  these  rocks,  together  with  day 

geologist  of  Soath  Carolina,  which,  being  and  taloose  slates,  are  chiefly  auriferous, 

explamed  by  a  second  letter  from  that  and  that  none  of  the  rocks  above  them 

gentleman,  in  reply  to  one  which  I  ad-  erer  bear  gold,  whilst  the  mica  slates  be- 

dressed  to  him,  contains  a  little  table  which  neath  are  much  less  productive  of  the  ore. 

dearly  expresses  his  views  as  derived  from  He  consequently  dassifies  the  whole  in  as- 

his  experience  in  South  Carolina  and  the  oending  order,  as  Sub-auriferous,  Aurife- 

Brasils.  Tracing  out  the  peculiar  features  rous,  and  Post-auriferous, — a  mineral  clas- 

of  the'itacolumite*  and  its  associated  rooks  sification  which  is  in  accordance  with  the 

of  *  itaberite*  and  '  specular  iron  schbt,*  data  I  have  long  endeavoured  to  establish 

and  a  compound  of  talc  and  magnetic  iron,  by  geological  and  poleontological  proofs. 
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Oold  m  Britain, — ^The  British  auriferous  examples,  comparatiyely  small  in 
produce  as  they  have  been,  will  be  first  briefly  alluded  to ;  because  the  reader 
can  at  once  refer,  in  the  coloured  map  of  this  work,  to  two  districts  of  Wales 
wherein  gold  has  been  found,  and  in  one  of  which  it  is  now  in  the  course  of 
very  partial  extraction.  (See  the  golden  spotted  patches  in  N.  and  S.  Wales.) 

In  the  Lower  Silurian  rocks,  about  ten  miles  west  of  Llandovery,  at  a  spot 
called  Gogofau,  near  Llan-Pump-saint,  large  white  quartzose  veinstones,  tra- 
versing slaty  masses,  were  cut  into  by  the  Romans,  who  excavated  lofty  galleries, 
which  are  still  open.  That  enterprising  people  evidently  derived  gold  from 
portions  of  these  veinstones.  Many  gold  ornaments  have  in  fact  been  found  at  the 
adjacent  Roman  station  of  Cynfil-Cayo,  with  traces  of  aqueducts,  which  were 
built  probably  to  convey  water  to  wash  the  gold.  Even  the  grindstones*  and 
troughs  used  in  abrading  the  hard  matrix  are  yet  visible. 

In  North  Wales,  where  similar  but  older  strata  have  been  more  crystallized, 
and  infinitely  more  penetrated  by  igneous  rocks,  gold  was  not  only  obtained  in 
ancient  times,  but  is  still  found  to  a  small  extent.  In  Merionethshire  some  of 
the  older  slaty  rocks  were  ten  years  ago  announced  to  be  auriferous  by  Mr.  A. 
Deanf.  The  district  then  referred  to,  which  lies  to  the  north  of  Dolgelly,  and 
to  the  north  and  west  of  the  small  river  Mowddach,  has  since  been  resurveyed 
by  Professor  Ramsay,  who  has  described  the  precise  geological  relations  and 
mineral  character  of  several  metalliferous  lodes,  which,  poor  in  lead  and  copper, 
are  slightly  charged  with  gold|.  The  lodes  are  subordinate  to  the  Lingula  flags 
or  Lowest  Silurian  rocks,  and  these  being  traversed  by  trap  dykes  (including 
magnetic  greenstone),  as  well  as  bounded  by  a  large  mass  of  eruptive  rock,  are 
much  altered,  often  into  a  talcose  and  chloritic  schist,  and  are  traversed  by  quartz 
veins  containing  much  iron  pyrites.  The  principal  localities  where  the  gold  has 
been  observed  are  Cwm-eisen-isaf  and  Dol-y-frwynog.  One  of  the  veinstones  at 
the  latter  place  consists  of  white  saccharoid  quartz,  in  some  of  which  small 
flakes  of  gold  are  distinctly  visible  to  the  naked  eye. 

Professor  Ansted,  who  has  examined  the  same  gold  veins  «n  «di«,  reported 
to  me,  that  at  Dol-y-frwynog,  the  gold  is  disseminated  both  in  grains  and  in 
laminsQ  enclosed  in  irregular  bands  or  veins,  parallel  to  the  Lower  Silurian 
schists,  and  contiguous  to  a  poor  lode  of  copper  ore  \  the  whole  lying  near  a 
greenstone  with  the  slaty  rocks.  The  auriferous  bands,  he  says,  are  made  up  of 
numerous  threads  of  quartz  and  sulphate  of  barytes,  which,  besides  the  grains 
and  flakes  of  gold,  contain  crystals  of  galena  and  copper  pyrites  J, 

*  See  Silurian  System,  p.  368.    At  the  and  Dr.  Percy  have  detected  a  small  quiin* 

time  of  the  publication  of  that  work  (1839)  tity  of  gold  dif[\ised  in  these  quartz  vein- 

I  had  not  visited  the  Ural  Mountains,  and  stones.     See  Memoirs  of  the  Qeolo|;ical 

was  little  acquainted  with  the  nature  of  Surrey,  vol.  i.  p.  480 ;  also  an  exposition 

gold-bearing  rooks  and  the  methods  em-  of  the  relations  of  gold,  in  the  '  Lectures 

ployed  for  the  extraction  of  the  metal,  or  on  Ck>ld '  b^  E.  Forbes,  Jukes,  Flayfiur, 

I  should  at  onoe  have  reoognized  as  certain,  Percy,  Warmgton  Smyth,  and  Hunt, 

what  I  only  ventured  to  suggest,  that  the  f  Report  Brit.  Assoc.  Adv.  of  Science, 

rock  miffht  formerly  have  been  quarried  for  1844, 1"^.  of  Sect  p.  66. 

the  gold  it  oontamed.     Suspecting  that  %  Quart  Joum.  Oeol.  Soc.  Lond.  vol  z. 

some  traces  of  gold  might  be  detect  in  p.  242. 

the  pyritous  refuse  of  the  quarts  rock,  I  §  Gold  often  occurs  in  small  strings  or 

submitted  a  little  of  it  to  the  late  eminent  thraads,  which,  though  rich  at  the  sur- 

chemist,  Dr.  Turner ;  but  he  could  not  face,  are  soon  lost  in  the  body  of  the  rock, 

detect  a  trace  of  the  precious  metal.    Be-  and  this  seems  to  be  the  case  in  Merioneth- 

cently,  however,  Mr.  Warington  Smyth  shire. 
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At  a  few  places  in  Comwall*  and  BeTonahiie,  gold  has  been  long  known  to 
exist  in  small  quantities^  both  in  the  matrix  of  mineral  lodes  and  occasionally 
in  accumulations  of  rolled  materials.  The  Poltimore  mine,  near  North  Molton, 
Devon  (where  certain  schists  of  Upper  Devonian  ?  age  are  mineralized,  and  were 
formerly  worked  for  copper),  was  said  in  1863  to  promise  a  rich  auriferous  result. 
But,  since  the  issue  of  the  first  edition  of  this  work,  the  speculation  has  be^n 
abandoned ;  it  having  been  proved  (as  I  suggested  to  the  noble  proprietor  would 
be  the  case)  that  no  sufficient  body  of  gold-bearing  matrix  would  be  found  to 
repay  the  cost  of  the  works.  The  coarse,  ancient  alluvia  or  gravel  of  ComwaUy 
whence  the  tin  ore  has  been  extracted,  as  well  as  some  other  portions  of  drift  in 
that  county,  have  indeed  long  afforded  small  quantities  of  gold ;  but,  although 
the  largest  fragments  have  occasionally  been  of  the  size  of  a  pigeon's  egg,  none 
of  these  superficial  accumulations  have  been  considered  worthy  of  continaoiia 
exploration. 

In  Scotland,  whilst  slender  traces  t  only  of  gold  have  been  detected  in  the 
older  crystalline  rocks  of  the  Northern  Highlands,  albeit  many  of  them  are 
now  known  to  be  of  Lower  SUurian  age,  the  metal  was  formerly  found  in  the 
slates  of  the  South  of  Scotland  (Lead  HiUs),  which,  like  those  alluded  to  in 
North  and  South  Wales,  are  also  of  that  age.  These  South  Scottish  gold  mines, 
after  affording  a  small  sum,  in  the  reign  of  James  the  Fifth,  were,  however, 
abandoned  as  soon  as  the  cost  of  production  exceeded  the  value  of  the  ore  ex- 
tracted |.  They  occurred  in  a  region  where  the  strata  have  been  much  penetrated 
by  porphyries  and  other  igneous  rocks. 

Li  Ireland  we  read  the  same  lesson.  It  is  from  the  altered  Lower  Silurian 
schists  of  Wicklow,  which  clasp  around  the  eruptive  granite  of  Croghan-Kin- 
shela,  and  are  traversed  by  homblendic  greenstones,  that  gold  was  derived,  and 
fragments  of  which,  detached  from  the  sides  of  that  mountain  and  washed 
down  by  the  rivulets,  continue  to  be  still  picked  up  by  the  natives  §. 

Now,  if  any  portion  of  these  old  slaty  British  rocks,  or  their  associated  erup- 
tive masses,  had  been  largely  penetrated  by  gold,  then  most  assuredly  much 

*  Mr.  S.  B.  Pattison  read  before  the  EinsheUshaaoolleeted  several  "pepitw'' of 

Qeological  Society  (February  Ist,  1864^  a  this  Irish  gold,  the  largest  being  about  two 

notice  on  auriferous  quarts  rock  near  David-  inches  long.    They  are  free  from  quarts  or 

stow,  North  Cornwall,  the  chief  gold-bear-  other  rocky  matrix,  and  have  been  picked 

ing  mass  of  which  is  the  goumn  of  a  dyke  out  of  the  debris  or  coarse  gravel  on  that 

in  a  metamorphosed  rock  of  Upper  Devo-  slope  of  the  hill  where  a  rivulet  descends 

nian  age,  whidi,  mantling  round  the  granite  through  the  property  of  the  Earl  of  Garys'* 

of  Boughtor,  is  also  associated  with  dykes  fort.    No  veinstone  in  Htu  has  ever  been 

of  trap.  detected  (Mills  and  Weaver,  Trans.  Dublin 

t  NearXoch  Erne  Head,  a  metalliferous  Society,  and  Weaver,  Trsns.  OeoL  Soc 

veinstone  on  the  property  of  the  Marauis  Lond.  2  ser.  voL  L)  ;  and  although  poor 

of  Breadalbane  has  recently  been  found  to  persons  have  stealtiiily  procured  specimens 

be  slightly  impregnated  with  gold.    The  during  this  century,  the  quantity  has  never 

gold  occurs  in  a  gossan,  contiguous  to  the  been  sufficient  to  lead  to  the  beliaf  that 

junction  of  trap  with  ciystalUne  limestone  really  productive  diggings  could  be  opened 

and  schist  (probably  of  Lower  Silurian  age),  at  the  Boyal  Gold  Mine  of  Groghan.    QKn- 

and  is  associated  with  arsenical  pyrites  and  stone  is  said  to  have  been  found  with  the 

lead  ore.  *  eold  here,  as  in  Cornwall  and  other  places. 

X  See  Harkness  on  the  '  Lower  Silurian  (See  Fitton,  Trans.  QeoL  Soc.  Lond.,  1st 

Bocks  of  Scotland,*  Quart.  Joum.  Geol.  series,  vol  L  p.  270.    The  phenomena  are 

Soc.  voL  viiL  p.  396.  well  develojpied  by  Prof.  Warington  Smyth, 

§  The  Earl  of  Wicklow,  whose  property  is  Becords  ofthe  School  of  Mines,  &&,  vol.  i. 

in  the  vicinity  of  the  mountain  of  Oroghan-  p.  8,  with  a  map.) 
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more  auriferouB  debris  would  have  been  recognized  in  the  local  adjacent  gravel ; 
— just  as  it  occurs  in  all  really  gold-bearing  lands.  But,  as  no  rich  auriferous 
sand  or  gravel  Lb  known  in  any  part  of  the  British  Isles,  we  may  rest  satisfied 
that  in  o\ir  own  country,  as  in  many  others,  the  quantity  of  gold  originally  im- 
parted to  the  Silurian  or  other  rocks  was  very  small,  and  has,  for  all  profitable 
objects,  been  exhausted  *. 

Even  in  Bohemia,  which  produced  so  much  gold  in  the  Middle  Ages,  and 
where  the  Silurian  strata  are,  as  we  have  seen  (chap.  15),  penetrated  by  many 
igneous  rocks  (and  in  parts  much  metamorphosed),  there  are  now  no  gold  works, 
though  other  ores  (copper,  &c.)  are  profitably  extracted ;  and,  just  as  in  the 
rocky  and  mountainous  tracts  of  Britain,  very  few  places  only  can  be  dted 
which  have  been  auriferous.  The  Thiiringerwald,  and  some  chains  of  Central 
Germany,  also  anciently  afforded  a  little  gold  in  rare  and  widely-separated 
localities  t;  but  these  regions,  as  well  as  the  Peninsula  and  its  '' golden  Tagus," 
so  auriferous  in  the  classical  era,  have,  I  repeat,  long  since  ceased  to  offer  any 
notable  quantity  of  the  precious  metaL 

ITie  Ural  Mountains. — 'So  coimtry  furnishes  a  clearer  example  than  Eussia  of 
the  dependence  of  gold  on  certain  geological  and  mineral  relations.  Her  Euro- 
pean territories  are,  as  has  been  stated,  chiefly  occupied  by  slightly  solidified^ 
primeval  deposits.  Under  those  conations,  and  with  a  total  absence  of  any 
crystalline  rocks,  whether  of  intrusive  or  of  sedimentary  and  metamorphic  cha- 
racters, not  a  particle  of  gold  has  been  discovered  in  them,  over  an  area  larger 
than  the  rest  of  Europe.  But  where  the  same  formations  have  been  thrown  up 
into  inclined  and  broken  positions  in  the  Ural  Chain,  and  have  there  been  pierced 
by  porphyry,  greenstone,  syenite,  and  granite,  in  association  with  huge  masses  of 
serpentine,  the  very  same  deposits,  so  soft  in  European  Eussia,  have  been  hardened, 
crystallized,  veined,  and  rendered  highly  metalliferous ;  some  even  of  the  igneous 
masses  being  also  occasionally  auriferous. 

As  the  rocks  in  this  chain,  which  separates  Europe  from  Asia,  are  now  known 
to  be  similar  in  character  to  those  of  numerous  other  auriferous  ridges  in  Siberia 
and  the  Altai  Mountains  of  Asiatic  Eussia,  the  present  description  may  serve  to 
explain  the  composition  of  those  vastly  larger  eastern  tracts.  The  study  of  this 
Uralian  Chain  enabled  me  to  suggest,  in  the  year  1844,  by  comparison  of  the 
rocks  of  the  two  countries,  that  Australia  would  also  prove  to  be  an  auriferous 

*  The  reader,  who  may  havd  attended  Crushing  machines  and  the  improved  ap- 

to  this  subject,  will  obeenre,  that  the  chief  plication  of  mercury  may,  indeed,  liberate 

argument  1  have  employed  in  other  wri-  a  notable  quantity  of  ore  horn  a  matrix  of 

tings  (see  note,  p.  474)  to  satis^  the  pub-  apparently  slight  value,  and  Hius  set  at 

Ue  mind  that  auriferous  sites  m  the  old  naught  the  experience  of  ages.    Not  pre- 

countries  of  Europe  would  for  the  most  tending  to  enter  into  this  mercantile  part 

part  prove  slightly  profitable  only,  was,  of  the  question,  I  adhere,  however,  to  the 

that  all  such  works  had  ceased  in  former  belief  expressed  throughout  the  text,  that 

times  for  want  of  remuneration.    Let  me,  gold  will  mainly  be  found  in  the  old  rocks 

however,  say,  thai,  whilst  I  beUeve  the  indicated,  and  will,  on  the  whole,  be  worked 

old  goldtractsofEurope  have,  on  the  whole,  to  great  advantage  only,  as  during  past 

been  exhausted  of  theu*  wealth,  there  may  ages,  in  the  natunl  debris  of  those  rocks, 
still  be  found  spots  where  a  little  profit        f  The  sands  of  the  river  Bhine  (whidi 

is  attainable.     I  would  further  guard  any  drains  so  vast  a  rocky  region)  are  in  one 

inferences  I  have  drawn  firom  our  previous  part  slightly  auriferous,  but  the  cost  of 

state  of  knowledge,  by  saying,  that  my  extraction  of  the  sold  has  been  too  great 

opinions  were  formed  irrespective  of  the  to  repay  the  speculators, 
new    inventions   in   mechanical    science. 
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region.  The  survey  of  the  Ural  Mountams  in  1842  led  me  further  to  define, 
within  certain  limits,  the  period  when  the  Silurian  rocks  were  chiefly  impregnated 
with  gold,  and  also  to  affirm  that  gold,  as  a  distinct  metallic  mass,  is  of  younger 
date,  in  that  region,  than  the  associated  ores  of  copper  and  iron  *. 

With  a  watershed  for  the  most  part  not  exceeding  2000  feet  above  the  sea, 
their  highest  peaks  rarely  rising  above  6000  to  6000  feet,  the  Ural  Mountains^, 
throughout  a  north  and  south  range  of  18  degrees  of  latitude,  are  composed  of 
rocks  more  or  less  ciystaUine;  chiefly  metamorphosed  representatives  of  the 
Silurian  and  Devonian,  and  occasionally  of  the  Carboniferous  age.  The  Lower 
Silurian  strata  are,  indeed,  to  be  recognized  in  a  crptalline  state  only.  They  are 
for  the  most  part  talcose  schists,  quartzites,  and  limestones ;  whilst  the  Upper 
Silurian,  Devonian,  and  Carboniferous,  though  often  also  considerably  altered 
(the  limestones  being  frequently  converted  into  marble  occasionally  dolomitic), 
offer  here  and  there  traces  of  their  characteristic  fossils.  The  flexures  and  frac- 
tures of  the  stratified  rocks  (Devonian  and  Carboniferous),  as  they  approach  the 
western  flank  of  the  altered  and  metalliferous  axis  of  the  chain,  have  been  re- 
presented in  the  view  of  the  gorge  of  the  Tchussovaya,  p.  386. 

The  following  rough  sketch  will  convey  some  idea  of  the  wild,  central,  and 


View  fsom  thb  Sumcrr  of  thb  Eatchkanab,  N.  Ural. 
(From  Russia  in  Europe,  voL  L  p.  392.) 

The  snowy  mountains  seen  in  the  distance  to  the  north,  are  much  the  loftier  peaks 
of  Konjakofski  Kamen,  &c. 

mineralized  masses  which,  in  the  Northern  Ural,  peer  out,  here  and  there,  from 
amid  forests  of  the  gigantic  Pinus  Cembra.    It  was  taken  by  myself  from  the 

*  See  Russia  in  Europe  and  the  Ural    Journal  of  the  Royal  Oeogn^ical  Society, 
Mountains,  vol.  i.  p.  472  et  *eq.     Also     President's  Discourses,  1844-6. 
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summit  of  the  Eatchkanar  *,  a  rugged  pile  of  stratified  and  jointed  augitic  green- 
stone,  higlily  charged  with  magnetic  iron.  Platinum,  as  well  as  gold,  has  been 
washed  down  from  the  edges  of  this  mountain  and  carried  into  the  adjacent 
gorges  on  the  east  y  though  the  sources  whence  these  metals  have  been  drifted 
into  the  coarse  alluvium  have  not  been  detected. 

While  the  traveller  who  simply  crosses  the  Ural  in  the  partial  depression 
followed  by  the  high  road  to  Ekaterinburg  will  scarcely  be  aware  that  he  has 
parsed  over  any  dominant  ridge,  the  geologist  who  explores  the  mountains  from 
the  south  along'  their  line  of  bearing  soon  perceives  that,  to  the  north,  their 
crest  is  marked  by  lofty  and  usually  snowy  summits,  as  in  the  preceding  draw- 
ing. To  the  south,  the  central  mass  near  Zlata-ust  consists  of  altered  sandstone 
and  quartzites,  forming  sharp  peaks,  that  separate  Europe  from  Asiaf. 

Few  chains  ofier  more  contrasting  outlines  than  are  seen  upon  the  European  and 
the  Asiatic  flanks  of  the  Ural.  On  the  former  the  limestones  and  other  stratified 
rocks  are  indeed  contorted,  fractiu^d,  and  partially  changed,  as  before  represented 
(p.  386),  whilst  in  the  centre,  as  on  the  eastern  slopes,  the  masses  consist  every- 
where either  of  highly  altered  and  crystalline  Silurian  strata,  or  of  the  eruptive 
rocks  which  pierce  them.  There  only,  and  particularly  where  the  schists  are 
traversed  by  veinstones  of  quartz,  or  cut  by  dykes  of  igneous  rocks,  has  gold 
been  imparted  in  any  quantity  to  the  slaty,  talcose,  and  chloritic  strata.  Though 
some  efforts  were  made  by  the  earlier  Hussian  miners  to  extract  gold  from  the 
solid  matrix  by  underground  works,  such  a  process  was  not  continued  ]  it  having 
been  found  infinitely  more  profitable  to  extract  the  ore  from  the  broken  accumu- 
lations of  ancient  drift,  deposited  on  the  slopes  of  the  hills  or  lodged  in  the 
higher  valleys  wherein  small  watercourses  meander. 

The  only  work  at  which  subterranean  mining  in  the  solid  rock  is  still  prac- 
tised, and  at  a  very  small  profit,  is  at  Berezovsk  near  Ekaterinburg.  There  the 
shaft  traverses  a  mass  of  apparently  metamorphosed  and  crystalline  matrix, 
called  ''beresite,''  resembling  a  decomposed  granite  with  veins  of  quartz,  in 
which  some  gold  is  disseminated.  The  syenite  of  the  Peschanka  mines,  near 
Bogoslofsk,  is  likewise  impregnated  with  particles  of  gold,  and  the  surface  de- 
gradation of  that  rock  afibrds  profitable  washings.  Much  farther  to  the  east  in 
Siberia,  Colonel  Hofimann  long  ago  indicated  a  tract,  where  the  schistose  stratified 
rocks  are  equally  permeated  by  the  small  difiused  particles  of  the  metal,  imper- 
ceptible to  the  naked  eye. 

Considering,  however,  the  practice  which  has  hitherto  prevailed,  it  is  from 

*  The  following  eketch  of  the  approach  merrv  song  of  birds.    The  dull,  wet,  and 

to  this  mountain  (visited,  I  beUeve,  by  no  marany  woodlands  were  now  exchanged 

other  European  traveUers) '  through  the  for  sunshine  and  rocks Aocus- 

forests,  is  given  in  the  work  '  Russia  and  tomed  as  we  have  been  to  the  wildest  fea- 

the  Ural  Mountains,*  voL  i.  p.  392: — "  A  tares  of  the  Highlands  of  Scotland  and  the 

large  chaotic  assemblage  of  loose  angular  Alps,  we  are  unacquainted  with  any  scene 

blocks  now  lay  around  us,  from  amid  which  presenting  a  finer  foreground  of  abruptly 

rose  the  magnificent  Pinus  Gembra,  tower*  broken  rocks,  and  nerer  certainly  had  we 

ing  above  alT  its  associates,  the  nxd^s  being  looked  over  so  grand  and  trackless  a  forest 

overgrown  widi  psonies,  roses,  and  gera-  as  that  which  lay  around  us,  and  ^from 

niums.     Such  stony  features  (done  would  which  some  stracgling  distant  peaks  (those 

have  led  us  to  suppose  that  we  were  at  the  on  the  north  on)^  b^ng  still  capped  with 

foot  of  the  object  of  our  exploration,  when,  snow)  reared  ihea  soUtery  heads.^' 
in  a  few  minutes,  the  broken  and  jagged        f  See  the  frontispiece  of  *  Bussia  and 

outline  of  the  Katdikanar  burst  upon  our  the  Ural  Mountains.* 
sight  under  a  fine  bright  sun  and  amid  the 
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the  broken  or  drifted  materials  only  that  the  Uralian  gold  has  been  gronnd  ont 
by  water-mills  and  collected  for  use.  This  is  notably  the  case  on  the  east  flazik 
of  the  chain  *,  where  the  mixed  and  coarse  detritus  of  all  the  hard  rocks  has,  at 
certain  spots,  proved  to  be  auriferoos,  and  in  some  cases  much  more  so  than 
others ;  there  being  very  large  tracts  indeed  where  no  trace  of  gold  can  be 
detected  even  in  similar  detritus. 

On  the  east  flank  of  the  South  Ural  (S.  of  Miask),  where  the  chain  is  still 
auriferous,  conical  igneous  rocks  have  burst  out,  as  represented  in  the  annexed 
drawing,  and  constitute  a  picturesque  scene.  The  low  rich  grassy  grounds 
around  this  Lake  of  Aushkul,  in  the  country  of  the  BaschkirBy  are,  to  scmie  little 


Lake  of  Ausukul,  S.  Ubal. 

(From  a  lithograph,  *  Russia  and  the  Ural  Mountains,*  voL  L  p.  359.  The  Holy  Mount 
of  the  Tatars  is  opposite,  and  the  Ural  range  is  seen  in  the  distance.) 

extent,  auriferous ;  the  gold  having  been  derived  by  debacles  of  former  periods, 
which  denuded  the  surfaces  of  the  slaty  and  quartzose  chain  (as  seen  in  the 
distance),  or  the  adjacent  conical  hills  of  greenstone,  altered  schists,  porphyries. 


•  The  reader  must  recollect  that  the 
superficies  of  all  the  localities  of  the  Ural 
Mountains  in  which  gold  has  been  found, 
united,  amounts  but  to  a  very  small  part  of 
the  whole  chain.  Incalculably  more  is  the 
proportion  diminished  between  rocks  which 
from  their  nature  might  be,  but  are  not, 
auriferous,  and  those  of  similar  structure 
which  really  contain  ffold,  when  we  extend 
researches  intoCentnJ  and  Eastern  Siberia. 


Thus,  gold-works  are  known  only  at  one 
spot  in  the  western  side  of  the  watershed, 
viz.  at  Chrestovosdyisgensk.  It  was  there 
that  most  of  the  few  sznall  diamonds  foimd 
in  the  Ural  chain  were  detected  in  coarse  an- 
cient drift.  They  were  no  longer  discovered 
when  I  Tisited  that  place,  and  traversed 
the  wild,  wooded  chain  by  the  Katchkanar 
to  Niiny  Turinsk.  See  *  Kussia  in  Europe 
and  the  Ural  Mountains,'  pp.  391-480. 
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syenite,  and  serpentine  suirounding  the  lake.     The  slopes  and  depressions  are 
partially  occupied  by  the  gold-bearing  debris  t« 

The  extent  to  which  limestones  of  the  Carboniferous  age  have  been  altered 
on  the  eastern  flank  of  the  South  Ural  is  instructiyely  seen  at  Cossatchi-Datchi, 
a  remote  spot  visited  by  my  companions  and  myself,  and  where  also  a  little  gold 
has  been  found. 


Hills  ov  Cossatohi-Datchi. 
(From  'Bueeia  and  the  Ural  Mountains,*  toL  L  p.  439.) 

The  hills  forming  the  background  of  this  sketch  are  composed  of  eruptive 
rocks  and  some  old  schistose  strata,  whilst  in  the  foreground  a  little  basin  is 
occupied  by  a  number  of  small  conical  hillocks  of  limestone.  Their  form  and 
mineralized  condition  are  probably  due  to  the  action  of  gaseous  vapours  and 
change  of  the  original  substance ;  since  not  only  the  traces  of  bedding  are  obli- 
terated, but  the  rock  has  been  rendered  fetid  and  saccharoid,  breaking  upon  a 
slight  blow  of  the  hammer.  In  this  case  the  metamorphic  action,  however  it 
may  have  been  produced,  has  just  been  sufficiently  intense  to  render  the 
limestone  as  pulverulent  as  sugar;  but  it  has  left  numerous  organic  remains  so 
uninjured,  that  they  are  easily  removed  from  the  matrix  |. 

At  the  Soimano&k  mines,  south  of  Miask,  great  piles  of  ancient  drift  or  gravel* 

DiOaiNGS  AT  THB  SOIMAHOPSK  MlHBS. 

(From  '  BuBsia  and  the  Ural  Mountains,'  voL  L  p.  487.) 


t  The  rock  in  the  foregroimd  on  which 
we  stood  is  a  compound  of  diallnge  and 
serpentine,  and  is  to  some  extent  magnetic. 
The  most  striking  of  the  conical  moomts  is 
the  Holy  Hill  of  the  Baschkirs.  (<  Bossia 
and  the  Und  Mountains,*  p.  437.) 

X  After  enumerating  upwards  of  thirty 
species  of  these  fossQ  shells,  my  companions 
and  myself  thus  spoke  of  them  : — "  Those 
alone  who  have  the  same  respect  for  a  true 
characteristic  fossU  as  ourseiTes,  can  ima- 
gine the  feelings  of  delight  with  which  we 
here  found  congregated  in  one  natural 
Siberian  storehouse  so    great   a  number 


of  shells,  some  of  which  we  could  not 
distinguish  from  well-known  forms  of  the 
mountain  limestones  of  Yorkshire,  West- 
moreland, and  Derbyshire,  nor  others  from 
species  which  are  abundant  in  the  same 
formations  in  Belgium  and  France !  .  .  .  . 
Without  this  discovery  we  could  not  have 
ventured  to  affirm,  that  many  other  adja- 
cent masses  of  crystalline  hmeetone  im- 
mersed among  the  granites  and  trappean 
rocks  of  these  mountains  belonged  to 
similar  or  associated  deposits.**  ('Bussia 
and  the  Ural  Mountains,  vol.  i.  p.  44.) 
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haying  been  removed  for  the  extraction  of  gold^  the  eroded  edges  of  highly 
inclined  crystalline  limestones  have  been  exposed,  which,  from  being  much 
nearer  the  centre  of  the  chain  than  the  aboye,  are,  I  belieye,  of  Silurian  age.  It 
is  from  the  adjacent  eruptiye  serpentinous  masses  and  slaty  rocks^  b,  that  the 
gold  shingle,  c  (usually  most  auriferous  near  the  surface  of  the  abraded  rock,  a), 
has  been  derived. 

The  tops  of  the  highly-inclined  beds,  a,  are,  in  fact,  rounded  oS,  and  the  inter- 
stices between  them  worn  into  holes  and  cavities,  manifestly  by  very  poweiful 
aqueous  action.  Now  here,  as  at  Berezovsk  (of  which  hereafter),  mammoth 
remains  have  been  found.  They  were  lodged  in  the  lowest  part  of  the  excava- 
tion, at  the  spot  to  which  the  small  figure  of  a  man  is  pointing,  and  at  about 
fifty  feet  beneath  the  original  surface  of  overlying  coarse  gravel,  c*,  before  it  was 
removed  by  the  workmen  from  the  vacant  space  under  the  dotted  line.  The 
feeble  influence  of  the  existing  stream,  n,  in  excavating  even  the  loose  shingle, 
is  seen  at  the  spot  marked  o,  the  bed  of  the  rivulet  having  been  lowered  by 
manual  labour  from  its  natural  level,  o,  to  that  marked  n,  for  the  convenience  of 
the  diggers. 

In  some  spots  the  gold-bearing  alluvium  is  a  heavy  clay ;  in  others  it  is  made 
up  of  fragments  of  quartz  veins,  chloritic  and  talcose  schists,  and  greenstone, 
which  lie  upon  the  sides  of  the  hillocks  of  eruptive  rocks  t*  It  was  from  the 
infiUings  of  one  of  the  gravelly  depressions  which  I  visited,  between  these 
elevations  south  of  Miask,  that  the  largest  lump  of  solid  gold  was  found,  of  which 
at  that  time  (1824)  there  was  any  record}.  The  diggings  by  which  the  gravel 
or  local  drift  was  cleared  away  from  around  the  vertical  masses  of  rock,  the 
surfaces  of  which  have  been  so  much  eroded  and  channeled  out,  are  expressed  in 
the  following  diagram. 

*  No  watercourse  sufficiently  powerful  to  transport  a  single  block,  much  less  to 
spread  out  broad  accumulations  of  such  coarse  materials,  now  flows  into  this 
upland  depression.  Nor  could  the  action,  during  millions  of  years,  of  such  an 
agency  as  that  of  the  puny  rivulets  which  now  meander  in  parts  of  the  gravelly 
low  ground,  account  for  the  eroded  and  highly-worn  surfaces  of  the  rocks,  whe- 
ther crystalline  limestones,  quartzites,  greenstone,  porphyry,  or  seipentine.  We 
are  thus  necessarily  compelled,  by  all  the  evidences,  to  adopt  the  belief,  that  on 
the  Asiatic  side  of  the  Ural,  as  in  many  parts  of  Europe,  the  transport  of  vast 
masses  of  drift  was  accompanied  by  powerful  and  long-continued  aqueous  abrasion, 
most  probably  marine,  of  the  simmiits  and  slopes  of  the  adjacent  auriferous  hills. 

Whatever  may  have  been  the  period  when  the  rock  was  first  rendered  auri- 

t  The  aiuiferouB  shingle,  gravel,  or  sand  seum  of  the  Imperial  School  of  Mines  at 

of  the  Ural  Mountains  is  poor  in  per-  St.  Petersburg.     Since  the  first  edition  of. 

oentage  in  comparison  with  what  has  of  this  book  was  published,  a  very  much  larger 

late  years  been  discovered  in  California  nugget  was  disoovered  in  the  Mines   of 

and  Australia.    Though  very  larse  "pe-  Victoria,  120  miles  N.  of  Melbourne.  This 

pitas  "  or  nugsets  liave  occasioniuly  been  specimen,  called  the  Blanch  Barkly  nugget, 

found,  much  of  the  auriferous  ground  oon-  which  was  exhibited  in  London,  weighs 

sidered  worth  working  in  Russia,  where  1743  ozs.  3  dwts.,  or  146  lbs.  8  dwts.  Troy, 

labour  is  cheap,  and  water-power  for  crush-  of  which  6  ozs.  only  are  estimated  as  matrix, 

ing  is  everywhere  at  hand,  would,  if  situ-  As  the  Bank  of  England  must  be  the  pur- 

ated  in  Australia  or  Califomia,  be  little  chaser,  let  us  hope  that  it  may  be  preserved 

heeded.  as  the  property  of  that  corporation  in  the 

X  This   ''  pepita,"   weighing  ninety-six  British  Museum,  and  be  there  viewed  as 

pounds  Troy,  is  stUl  exhibited  in  the  mu-  a  national  treasure. 
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ferous,  the  relative  date  when  the  Uralian  gold  was  superficially  distributed  is 
clearly  indicated ;  for  the  detritus  contains  in  many  places. remains  of  the  same 
extinct  fossil  quadrupeds  as  are  found  in  the  coarse  drift-gravel  of  Western  Europe. 


mrm 


lU- 


^^^--T^:t^^i^-^t 


Gold  Dioaiifas  at  Zabbto  Albxandbofse. 

a.  Ancient  rocks  consisting  of  talc  schist,  with  veins  of  quartz  (original  matrices  of 
gold),  penetrated  by  concretionary  felspar  rocks,  greenstone,  &o.  b.  Coarse  shingle 
and  gravel  about  twelve  feet  thick,  in  wnich  the  great  "  pepita  "  was  found,  c.  Hills 
firom  which  the  chief  debris,  6,  was  derived,  d.  Pyramid  erected  to  commemorate  the 
visit  of  the  Emperor  Alexander  the  First. 

The  Elephas  primigenius  or  Mammoth,  Bos  aurochs,  Rhinoceros  tichorhinus, 
with  gigantic  Stags,  and  many  other  mammalia,  were  unque-stionably  contem- ' 
poraneouB  denizens  of  Europe  and  of  Asia,  as  respects  Siberia.  They  appear  to 
have  been  exterminated,  if  not  simultaneously,  at  least  previously  to  the  existing 
conditions  of  the  earth*s  surface  in  the  northern  hemisphere ;  the  Bos  aurochs 
being  the  only  one  of  these  huge  mammals  which,  as  far  as  we  know,  has  been 
preserved  to  our  days*. 

Gold  Shinole  near  EEATEBixBUBa. 


a.  Auriferous  rocks  in  situ.  These  rocks  contain  some  gold  in  quartz-veins  in  the  mass 
of  a  metalliferous  lode  of  soil  granitoid  composition,  called,  as  before  said,  Beresite, 
by  the  Russian  miners.  It  is  the  only  mine  in  this  chain,  or  in  Siberia,  which  is 
worked  underground,  and  though  very  shallow,  scarcely  repays  the  expenditure. 
h.  Debris  with  gold  and  Mammoth  bones,  c.  Alluvial  day  covered  by  humus  and 
bog  earth. 

This  diagram  explains  the  relations  of  the  coarse  gold-bearing  drift  vrith 
Mammoth  bones,  as  seen  at  the  B^r^zof  mines  near  Ekaterinburg. 

*  The  Bos  aurochs  was  probably  saved 
by  having  inhabited  an  isolated  spot  in 


Western  Russia  near  the  forest  of  Biela 
viaa  in  Poland,  whei%  the  herd  now  Uves, 
and  by  having  been  there  locally  exempted 
from  the  causes  of  that  great  destruction 


which  befell  their  associates.  This  geolo- 
gical view  is  fully  explained  by  me,  accom- 
panied by  an  excellent  account  of  the  Bos 
aurochs  by  Professor  Owen  ('Russia  in 
Europe  and  the  Ural  Mountains,'  vol.  i. 
p.  503  et  seq.). 
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Before  we  quit  the  consideration  of  the  Ural  Mountains,  the  reader 
may  be  reminded  that,  throughout  the  length  of  500  miles,  the  rocks 
contain  the  precious  metal  at  wide  intervals,  and  in  limited  patches  onlj. 
Having  indicated  the  geological  period  of  the  superficial  gold  drift,  let 
me  also  here  advert  to  a  suggestion  of  m  j  own  concerning  the  era  at 
which  the  rocks  were  impregnated*.  It  has  been  alreadj  stated,  that 
no  secondary  formation  contains  veinstones  charged  with  any  notable 
quantity  of  gold,  and  that  when  the  metal  is  found  in  situ,  it  is  chiefly 
in  metamorphosed  strata  of  Silurian  age,  occasionally  in  Devonian,  and 
rarely  Carboniferous,  or  in  the  associated  eruptive  rocks.  Now,  it  would 
seem  that  in  the  Ural  Moimtains  the  gold  must  have  been  segregated 
in  separate  masses  in  these  formations  at  a  comparatively  modem  geo- 
logical period.  In  the  first  place,  the  western  flank  of  the  Ural  chain 
offers  strong  evidence  that  the  process  had  not  been  effected  when  the 
Permian  deposits  were  completed.  During  that  period,  vast  heaps  of 
pebbles  and  sand,  all  derived  from  a  pre-existing  Ural  chain  (the  older 
stratified  rocks  of  which  had  even  then  undergone  much  change),  were 
spread  out  over  the  lower  coxmtry  on  the  west.  Together  with  frag- 
ments of  all  the  rocks,  sedimentary  or  igneous,  wtiich  are  known  in  the 
chain,  specimens  of  magnetic  iron  and  copper  ore,  large  quantities  of  which 
abound  in  the  range,  are  not  uncommon  in  this  Permian  deposit,  but 
nowhere  does  it  contain  visible  traces  of  gold  or  platinum.  Had  those 
noble  metals  then  existed  in  the  Ural  Mountains,  in  the  segregated 
lumps  and  strings  which  now  prevail,  many  remnants  of  them  must  have 
been  washed  down  together  with  the  other  rocks  and  minerals,  and  being 
indestructible,  must  have  formed  part  of  the  old  Permian  conglomerates. 
On  the  contrary,  when  the  much  more  modem  debacles  that  destroyed 
the  great  animals,  and  heaped  up  the  piles  of  gravel  just  described,  pro- 
ceeded from  this  chain,  then  the  debris  became  largely  auriferous.  It  is 
manifest,  therefore,  that  the  rocks  were  chiefly  charged  with  gold — t .  e, 
the  chief  lumps  and  strings  of  it  were  run  together — during  the  inter- 
vening time. 

What  then  was  probably  the  geological  period  when  these  rich  auri- 
ferous accumulations  in  the  Uralian  rocks  took  place?  We  cannot 
believe  that  it  occurred  shortly  afber  the  Permian  era,  nor  even  when  any 
of  the  secondary  rocks  were  forming,  since  no  golden  debris  is  found 
even  in  any  of  the  older  tertiary  grits  and  sands  which  occur  on  the 
Siberian  flank  of  the  chain.  If,  thei},  the  mammoth  drift  be  the  oldest 
mass  of  detritus  in  which  the  gold  of  this  region  occurs  abundantly,  not 
only  in  the  Ural,  but  in  other  parts  of  the  world,  we  are  led  to  believe 
that  this  noble  metal,  though  for  the  most  part  originally  deposited  in,  or 
diffused  through,  the  mass  of  the  ancient  Silurian  sedimentary  deposits, 
was  only  brought  together  into  rich  veins  and  separate  lumps  and 

*  Soe  the  ^ork  on  *  Russia  and  the  Ural  MountauiB,'  voL  i.  p.  472  et  teq. 
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Btrings  at  a  comparatiyelj  recent  period, — i.e,  a  short  time  (in  geo- 
logical language)  before  the  epoch  during  which  powerftil  and  widely- 
extended  denudations  took  place,  and  during  which  the  large  extinct 
mammalia  perished*. 

That  the  gold  which  occurs  in  quartz  veins  in  the  solid  slate  rocks 
resulted  from  an  interior  agency,  in  which  heat  and  electricity  were 
combined  with  water  or  vapour,  might  be  suggested,  if  we  judged  from 
the  appearance  which  the  strings  and  expansions  of  the  metal  indicate  as 
they  ramify  through  the  chinks  of  the  hard  rock,  or  from  the  grains  diffused 
in  its  mass.  We  might  also  suppose  that  the  prevalent  matrix  of  quartz, 
whether  ejected  from  beneath,  or  poured  in  from  above,  was  in  a  soft 
and  gelatinous  state  when  it  filled  the  cavities,  resembling  the  silicepus 
"  sinter  "  which  now  rises  in  a  fluid  spout  from  the  Geysers,  and,  on  fall- 
ing, coagulates  into  a  modem  quartz  rock  around  the  volcanic  orifice. 

In  viewing  the  widely-attested  fact  of  the  dispersion  of  auriferous 
debris  derived  from  the  surface  of  certain  rocks  during  some  of  their  last 
great  denudations,  we  might  be  naturally  led  to  favour  the  suggestion  of 
Humboldt,  that  the  formation  of  gold  had  some  closer  relation  to  or 
dependence  upon  the  atmosphere  than  that  of  the  baser  metals,  lead, 
copper,  and  iron.  My  eminent  metallurgical  associate,  Dr.  Percy,  who 
has  detected  minute  quantities  of  gold  in  almost  all  lead  ores,  has,  how- 
ever, told  me  that  he  is  disposed  to  believe  that  the  precious  metal  may 
have  been  thrown  down  by  deposition  from  an  aqueous  medium. 

This  suggestion  is  indeed  borne  out  by  the  fjEict  that  Hoffmann  dis- 
covered, in  one  district  of  Siberia,  that  the  clay-slate  contained  a  certain 
amount  of  gold  disseminated  impalpably  through  the  mass  of  the  rock. 

But  what  I  contend  for  is,  that  however  originally  so  diffused  in  the 

*  In  many  instanoes  gold  is,  I  know,  conglomerates  on  the  west,  and  in  the 
associated  in  the  same  veinstone  with  other  tertuuy  grits  on  the  east,  or  firom  the  ab- 
ores — such  as  silver,  or  argentiferous  ga-  solute  materials  in  the  whole  series  of  re- 
lena,  and  with  Tarious  ores  of  copper  and  generated  deposits,  we  conclude  that  the 
iron — ^magnetic  iron  being,  indeed,  a  very  chain  became  (chiefly)  auriferous  during 
irequent  accompaniment ;  whilst  the  asso-  the  most  recent  disturbances  by  which  it 
oiation  with  tin-stone  has  before  been  was  a£fected,  and  that  this  took  place  when 
alluded  to.  Such  occurrences  do  not  in-  its  highest  peaks  were  thrown  up,  when 
validate,  but  strengthen,  the  view  deriyed  the  present  watershed  was  established,  and 
from  the  phenomena  in  the  Ural  Moun-  when  the  syenitic  granite  and  other  corn- 
tains;  for,  as  copper  and  iron  ores  are  paratively  recent  igneous  rocks  were 
frequently  found  in  old  conglomerates  or  erupted  along  its  eastern  edges." 
pebble  beds  of  secondary  age,  and  lumps  ^e  reader  who  wishes  to  have  fuller 
of  gold  have  never  been  detected  in  them,  information  on  the  subject  of  Uralian  and 
I  see  no  means  (explain  the  phenomena  as  Siberian  gold,  must  consult  Humboldt's 
we  may)  of  eyading  the  inference,  that  no  '  Asie  Centrale ;'  *  Beise  nach  dem  Und,' 
great  quantity  of  gold  ore  was  formed  &c.,  by  Humboldt,  Rose,  and  Ehrenberg, 
(pertainly  not  in  the  Ural  Mountains)  until  with  the  valuable  mineral  description  of 
the  oomparatiTely  recent  raoch  indicated  M.  Ghistaf  Bose ;  various  memoirs  by 
in  the  text.  In  the  work  '  Kussia  and  the  Helmereen  and  Hofi&nann  in  the '  Annuaire 
Ural  Mountains,*  voL  i^p.  473,  the  infer-  des  Mines  de  Bussie  ;*  and  Adolf  Erman 
ence  is  thus  stated : — "  miether,  therefore,  '  (Beise  um  die  Erde),  as  well  as  an  account 
we  judge  from  the  total  absence  of  aori-  of  the  general  diflfUsion  of  gold  and  avalu- 
ferous  matter  in  the  ancient  (Permian)  able  gold  map  of  the  world  by  that  author. 


Digitized  by  VjOOQIC 


488  SILURIA.  [CaJJ*.  XIX. 

matrix,  the  ore  was  segregated  from  the  matrix,  and  formed  into  veins, 
geodes,  and  strings,  at  a  comparatively  recent  period. 

Again,  whatever  may  be  the  correct  hypothesis  as  to  the  original  mode 
of  accumulation,  the  fact  is  undeniable,  that,  wherever  the  veinstones  in 
the  solid  rock  have  not  been  ground  down  by  denudation,  and  remain 
as  testimonials  of  the  original  seat  of  the  gold,  the  portions  which 
have  as  yet  proved  to  be  the  richest  are  those  which  are  at  or  nearest 
the  surface.  Experience  too,  dearly  bought  in  numberless  instances,  has 
taught  the  miner,  throughout  long  ages,  that  in  his  efforts  to  follow  the 
veinstones  downwards,  by  deep  shafts,  into  the  body  of  the  rock,  he  has 
either,  except  in  rare  instances,  found  the  gold  diminish  in  volume,  or 
so  difficult  to  obtain,  that  the  cost  of  extraction  has  been  greater  than 
the  value  of  the  metal. 

The  points  which  have  been  alluded  to,  as  drawn  from  personal  ob- 
servation in  the  Ural  Mountains,  are  found  to  have  a  world-wide  appli- 
cation in  every  tract  which  has  been  or  is  still  auriferous.  Thus,  the 
giant  chain  of  the  Andes,  which  has  for  ages  afforded  much  gold  in  its 
range  through  Chili,  Peru,  and  Mexico,  is  essentially  of  the  same  com- 
position. The  Indians,  who  lived  in  tracts  adjacent  to  those  slaty 
mountains,  followed  the  simple  process  of  picking  the  shining  material 
from  the  gravel,  sand,  and  shingle  derived  from  the  chain ;  so  that  when 
the  Spaniards,  the  best  miners  of  the  sixteenth  century,  first  colonized 
South  America,  they  naturally  inferred  that,  if  ignorant  natives  could 
thus  gather  sufficient  quantities  of  gold  to  roof  the  palaces  of  their 
sovereigns,  they,  as  skilful  Europeans,  might  extract  incredible  quantities 
from  the  bowels  of  mountains,  the  mere  detritus  of  surfaces  of  which 
had  contributed  such  a  vast  amount  of  gold.  But,  as  frequently  as  deep 
mines  enriched  the  Spanish  speculators  who  sought  for  copper  and  silver, 
so  surely  gold  mining  in  the  solid  rock  proved  abortive*,  owing  to  the 
slender  downward  dissemination  of  gold  in  a  hard  and  intractable  matrix. 

As  the  phenomena  described  are  common  to  many  countries,  the 
accompanying  diagram  is  annexed,  to  convey,  as  far  as  possible  at  one 
view,  a  popular  idea  of  the  chief  relations  under  which  gold  has  been 
distributed  over  the  surface,  so  as  to  be  profitably  collected  by  mankind. 

*  It  has  been  too  much  the  habit  to  and  trials  bj  our  own  ooimtrymen.  Among 
underrate  the  capacity  and  skill  of  the  old  these,  I  would  specially  allude  to  the  well- 
Spanish  miners,  though  it  is  known  from  known  mine  of  Quadalupe  y  CbIto,  near 
Elumboldt,  that  during  the  gOTemment  of  Durango  in  Mexico,  worked  by  British  skill 
the  monarchy  in  South  America  many  of  and  capital,  where,  according  to  information 
their  works  were  well  conducted ;  the  sub-  I  received  from  one  of  its  ablest  directors 
sequent  operations  having  been  paralysed  (my  friend  the  late  Col.  Colquhoun,  B.A.), 
chiefly  by  the  political  revolutions  which  the  works,  which  afforded  a  moderate  profit 
have  occurred  in  those  countries.  If  the  near  the  sur£EU)e,  became  less  productive  as 
former  trials  of  Spaniards  to  procure  gold  the  mine  deepened,  and  finally  failed  alto- 
with  profit  from  deep  mines  in  the  sohd  gether ;  the  gold  having  thinned  out,  and 
rock,  and  which  were  proverbially  failures,  its  place  being  entirely  taken  by  argenti- 
do  not  satisfy  living  speculators,  let  me  ferous  galena.  See  Quarterly  Review,  art. 
refer  them  to  similar  results  in  our  day,  'Siberia  and  California,*  voLlxxxvii.  p.  410. 
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iDSAii  Rbfbssbntation  of  the  Obigutaii  PosiTioy  OF  QoLD  nr  THE  Old  Slaty 
Bocks,  and  its  subsequent  Tbansfobt  dtto  Heaps  of  Gbayel. 

(From  a  large  diagram  exhibited  in  1850,  at  the  Royal  Institution.) 


The  rocks,  a,  are  the  ancient  metamorphio  masses,  chiefly  of  Lowot  Silurian  age,  and  now 
often  in  the  condition  of  talcose,  micaceous,  chloritic,  felspathic,  or  siliceous  slates, 
which  have  been  trarersed  by  auriferous  veinstones,  chiefly  quartsose,  h.  All  along 
their  present  dark  summits,  a*,  is  seen  a  liffhter-tinted  outline  configuration,  which 
represents  the  condition  of  the  auriferous  ridges  before  their  summits  were  subjected 
to  that  destruction  and  abrasion  by  which  great  heaps  of  drift  and  gravel  were  tnms- 
ported  from  them,  so  as  to  form  the  hillo^,  d,  that  cover  the  adjacent  slopes  and 
fill  up  the  gorges  and  depressions.  The  first  or  highest  of  these  dnfts,  c,  constitute 
the  '*  dry  diggings"  of  the  miner ;  the  lower  heaps,  d^  in  which  streams  meander,  being 
the  **  wet  diggings.**  As  it  is  impossible  to  represent  in  one  diagram  all  the  conditions 
under  which  gold  was  originally  formed  in  the  rocks,  I  have  merelv  selected  the  usual 
case  of  veinstones  (6,  6),  the  higher  or  destroyed  surfaces  of  which  were  the  richest. 

Oold  of  Australia, — The  extraordinaiy  quantity  of  gold  which  has 
been  poured  into  Britain  from  her  Austrab'an  colonies  during  the  last 
few  years  has  been  chiefly  procured,  like  most  of  the  gold  in  the  other 
tracts  described,  from  superficial  accumulations  of  shingle,  gravel,  sand, 
and  clay,  derived  from  the  wearing  away  of  adjacent  hard  rocks,  whether 
of  aqueous  or  of  igneous  origin. 

Having,  in  the  year  1844,  recently  returned  from  the  auriferous  Ural 
Mountains,  I  had  the  advantage  of  examining  the  numerous  specimens 
collected  by  my  friend  Count  Strzelecki,  along  the  eastern  chain  of 
Australia.  Seeing  the  great  similarity  of  the  rocks  of  those  two  distant 
countries,  I  had  little  difficulty  in  drawing  a  parallel  between  them  ;  in 
doing  which  I  was  naturally  struck  by  the  circumstance  that  no  gold 
'*  had  ifet  been  found "  in  the  meridional  Australian  ridge,  which  I 
termed  in  anticipation  the  *'  Cordillera t-"     Impressed  with  the  con- 

t  The  announcement  that  "  no  gold  had 
yet  been  detected,*'  which  was  printed  in 
my  Presidential  Discourse,  Trans.  Boy. 
Geogr.  Soc.  1844,  is  the  clearest  proof  of 
my  ignorance  of  a  trace  of  the  metal  having 
been  discovered  by  any  one.  Some  time 
after  the  practical  opening  out  of  the  gold 
mines,  however,  £eicts  transpired,  which 
were  totally  unknown  to  me  when  I  ven- 
tured  upon  my  comparison.  Thus  it 
appeared  that  Count  Strzelecki  himself 
discovered  traces  of  gold  in  1839 ;  but,  on 
relating  the  &ct  to  some  fiiends  and  to  the 
Governor  of  New  South  Wales,  Sir  G. 
GKpps,  secresy  was  enjoined,  and  the  Count 
never  more  reverted  to  the  subject — not 
even  in  his  own  work  of  1845.     It  also 


appean  that  the  Rev.  W.  C.  Clarke  wrote 
to  a  firiend  in  the  colony  (1841),  mention- 
ing that  he  had  found  gold  ore ;  but  this 
circumstance  remained  as  much  unknown 
to  myself  and  all  European  men  of  science 
as  the  other.  My  views,  whatever  they 
may  be  worth,  were  therefore  formed  quite 
irrespectively  of  any  such  proceedings,  as 
the  following  extract  firom  a  letter  of  my 
friend  Count  Strzelecki  to  myself,  received 
whilst  the  fint  edition  was  passing  through 
the  press,  amply  testifies : — **  Nothing  can 
give  me  greater  pleasure  and  comfort  at 
any  time,  than  to  bear  my  humble  testi- 
monv  to  the  inductive  powera  which  you 
displaved  on  the  occasion  of  your  predic- 
tions m  regard  to  the  existence  of  gold  in 


Digitized  by  VjOOQIC 


490-  SILUEIA.  [Chap.  XIX. 

Tiction  that  gold  would,  sooner  or  later,  be  found  in  the  great  British 
colony,  I  learnt  in  1846  with  satisfaction  that  a  specimen  of  the  ore  had 
been  discovered.  I  thereupon  encouraged  the  unemployed  miners  of 
Cornwall  to  emigrate  and  dig  for  gold,  as  thej  dug  for  tin  in  the  gravel 
of  their  own  district.  These  notices  were,  as  £Eur  as  I  know,  the  first 
printed  documents  relating  to  Australian  gold. 

At  that  time,  Catifomia,  inhabited  only  by  pastoral  Indians  and  a  few 
missionaries  and  Spanish  herdsmen,  was,  it  will  be  recollected,  equally 
unknown  to  be  auriferous.  Its  rich  alluvial  soil  had  not  then  been 
removed  from  the  surface,  and  the  accident  at  Sutter's  Mill,  in  1847, 
had  not  exposed  the  gold  in  the  gravel  and  shingle  beneath  it.  We  can 
still  better  understand  how  this  should  have  been  the  case  with  regard 
to  vast  tracts  of  Australia,  where  similar  mineral  constants  exist,  but 
where,  instead  of  a  comparatively  advanced  people,  like  the  Mexicans 
or  Peruvians,  a  wretched  race,  incapable  of  appreciating  the  uses  of 
the  precious  metals,  had  been  for  ages  the  sole  inhabitants  of  a  vast 
continent. 

Unwilling  to  offer  what  must  be  a  very  imperfect  epitome  of  the  dis- 
tribution of  gold  in  Australia,  I  may,  however,  be  permitted  to  say  a  few 
words  on  a  subject  to  which  I  called  the  practical  attention  of  my 
countrymen  for  several  successive  years  previous  to  the  discovery  of  the 
gold-fields  of  that  vast  region. 

At  or  before  that  period,  geological  descriptions  of  various  parts  of 
Australia  had  been  published  by  Mitchell,  Strzelecki,  Jukes,  &c.j  without 
any  allusion  whatever  to  ^old.  The  Bev.  W.  B.  Clarke  did,  however, 
rouse  the  attention  of  the  inhabitants  of  New  South  Wales  in  1847  to 
the  auriferous  character  of  these  rocks,  and  indicated,  as  I  had  previously 
done,  their  similarity  to  the  rocks  of  the  Ural  Mountains,  including  the 
meridional  direction  of  the  two  chains.  This  zealous  geologist  has 
since  explored  the  largest  range  of  its  gold-bearing  lands  over  upwards 
of  six  degrees  of  latitude,  or  from  tbe  Peel  Biver  on  the  north  to  the 
Australian  Alps  of  Strzelecki  on  the  south,  where  the  watershed  or 
Cordillera,  rising  in  Mount  Kosciusko  to  6500  feet  above  the  sea,  trends 
south-eastwards  into  the  province  of  Victoria.  From  this  author,  and 
from  the  voluminous  details  published  for  the  use  of  the  Houses  of 
Parliament*,  as  afforded  by  Stutchbury  and  others,  as  well  as  fr^m  the 

AuBtralia ;  and  consequently  I  can  affirm  rocka  except  myself,  and  that  my  memoirs 

now,  as  I  did,  and  do  whenever  a  necessity  of  1844, 1846,  and  1846  are  the  earliest 

occars,that  I  never  mentioned  my  discovery  publications  relatin||r  to  this  subject    See 

or  supposed  discovery  of  Australian  gold  to  note,  first  page  of  this  chapter,  for  reference 

you,  prior  to  your  papers  on  the  subject,  to  all  my  works  on  this  sulgect. 

nor  after  their  publication."  *  See  'Blue  Books  *  relative  to  the  recent 

Havinc  disposed  of  other  cases  in  the  DiscoTery  of  Gk>ld  in  Australia,  presented 

first  edition,  I  now  simply  affirm,  that  no  to  both  Houses  of  Parliament,  1852-5S. 

one,  whether  in  Britain  or  the  colonies,  For  my  own  connexion  qfftciall^  with  this    - 

had  for  several  years  printed  anythins  on  subject  in  1848,  see  the  Papers  on  the  same 

the  auriferous  characters  of  the  Australian  subject,  presented  August  16, 18&3,  p.  43. 
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work  of  Mr.  Hargreaves*,  who  first  proved  in  1851  the  great  value  of 
Australian  gold-mining,  it  was  ascertained  that  the  parallel  I  had  drawn 
in  1844  between  the  rocks  of  the  chain  which  I  had  termed  the 
*' Australian  Cordillera"  and  those  of  the  Ural  Mountains  is  well 
sustainedf.  Just  as  in  Siberia,  the  greatest  amount  of  gold  is  foimd 
in  heaps  of  debris,  or  old  alluvia,  derived  chieflj  from  veinstones  in  old 
slaty  rocks,  and  often  adjacent  to  or  associated  with  eruptive  rocks, 
whether  granites,  porphyries,  or  greenstones.  I  also  assumed  that  the 
chief  auriferous  slaty  rocks  of  Eastern  Australia  are  of  the  same  age  as 
the  central  masses  of  the  Ural,  viz.  Lower  Silurian ;  because,  like  them, 
they  are  overlaid  in  parts  by  strata  which  contain  Pentameri,  Trilobites, 
and  Corals,  indicative  of  the  Upper  Silurian  group.  Many  of  these 
last  have  been  identified  by  my  friend  Mr.  Lonsdale,  who  considers  some 
to  be  Upper  Silurian,  and  others  referable  to  the  Carboniferous  era. 
The  shells,  examined  by  Mr.  Salter,  confirm  this  conclusion ;  and  the 
carboniferous  strata,  with  European  forms  of  life,  appear  to  be  clearly 
separable  from  the  Devonian.  These  Lower  Paleozoic  rocks  are  followed 
by  Devonian  and  Lower  Carboniferous  strata.  The  overlying  coal  is 
distinct  from  the  lower  formations. 

Whilst  the  most  prolific  sources  seem  to  have  been  the  quartzose 
veinstones  which  traverse  the  Lower  Silurian  slaty  rocks,  we  are  further 
instructed,  that  in  Australia,  as  in  the  Ural  Mountains,  there  are  tracts 
wherein  gold  is  diffused  in  small  and  often  imperceptible  particles 
through  the  body  of  certain  granitic  rocks  {,  specially  those  (according 
to  Mr.  Clarke)  which  are  homblendic  or  syenitic ;  the  limestones,  how- 
ever, in  both  countries  are  partially  auriferous  only.  There  is,  besides, 
this  striking  coincidence  between  Australia  and  the  Ural,  viz.  that  both 
chains  have  a  main  meridian  direction ;  the  strike  of  the  old  slaty  rocks 
and  also  of  the  chief  gold  veins  being  from  north  to  south. 

In  respect  to  Victoria,  which,  of  all  the  Australian  colonies,  has  proved 
to  be  much  the  most  productive  of  gold,  the  age  of  the  slaty  rocks  con- 

*  See  Hargreavee,  *  Aiutralia  and  its  and  now  at  the  head  of  the  UniTenity  of 

Gold-fields/  1855.  that  metropolis,  asserted  from  the  Chair, 

t  Few  circumstances  haye  more  gratified  that  his  brother-colonists  agreed  with  him 

me  than  that  several  of  the  leading  men  of  in  the  sentiments  he  expreraed ;  and  this 

New  South  Wales  (including  Sir  Charles  he  repeated  at  a  great  meeting  in  the 

Nicholson  and  Mr.  Donaldson)  should,  on  Town  Hall  of  Leeds,  on  the  29th  of  Sep- 

reyisiting  England,  have  spoken  out  pub-  tember  last. 

lidy  as  to  the  value  which  attached,  in  New  %  See  '  Russia  and  the  Ural  Mountains,' 
South  Wales,  to  my  early  comparison  of  vol.  i.  p.  488,  where  it  is  stated,  "  The  fact 
that  region  with  the  Ural  Mountains,  and  is,  then,  that  though  gold  has  frequently 
of  my  prediction  respecting  the' auriferous  been,  and  is  for  the  most  part,  formed  in 
character  of  Australia.  At  the  first  Anni-  quartzose  and  other  veins  which  either  have 
versary  Dinner  of  the  Australian  colonists  penetrated  or  been  separated  from  the  mass 
from  New  South  Wales,  Tictoria,  South  of  the  slate  formation  (and  of  these  the 
and  West  Australia,  and  Tasmania,  which  Ural  affords  countless  examples),  it  has 
took  place  on  Qie  26th  of  January  last,  also  been  difi\iBed  in  some  tracts  through- 
Sir  Charles  Nicholson,  formerly  Speaker  out  the  whole  body  of  the  rock,  whc^er 
of  the  House  of  Representatives  of  Sydney,  of  igneous  or  of  aqueous  origin." 
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taining  the  auriferous  veins  has  been  still  more  clearly  determined.  Mr- 
Alfred  Selwjn*,  the  colonial  geologist,  cites  the  occurrence  of  about 
sixty  species  of  Lower  Silurian  fossils,  including  Trilobites,  G-raptolites 
(Didymograpsus,  Ac.),  and  Lingulie,  which  will  be  described  by  Professor 
F.  M*Coy.  Mr.  Selwyn  has  further  recognized,  in  Victoria,  gold-bearing 
superficial  drifts  of  three  distinct  stages,  lying  above  each  other;  the 
lowest  or  oldest  of  them  containing  the  remains  of  wood  and  seed- 
vessels,  differing  little  firom  the  present  vegetation.  Even  the  cones  of 
the  Banksia,  a  tree  still  prevalent  in  Australia,  have  been  brought 
home  by  Mr.  Bedaway  from  one  of  the  bottom  drifts,  and  identified, 
at  my  request,  as  such  by  the  late  illustrious  botanist,  Bobert  Bro¥m, 
•who  first  discovered  and  named  the  genus.  A  local  distinction  in  these 
tertiary  gold  drifts  or  detrital  beds  of  Victoria  is,  that  they  have  been 
overflowed  and  even  interlaced  by  basaltic  coul^,  which  evidently  pro- 
ceeded from  terrestrial  volcanos,  inasmuch  as  the  vegetable  matter 
beneath  them  has  been  charred  and  destroyed  in  situ  by  the  eruption. 
This  phenomenon,  as  first  adverted  to  by  Mr.  Selwyn  and  Mr.  H. 
Resales,  exhibits  a  strong  analogy  to  California  t,  Mexico,  and  South 
America.  In  all  these  countries  igneous  eruptions  have  burst  forth  on 
terrestrial  surfaces,  at  periods  posterior  to  those  powerful  subaqueous 
abrasions  of  the  rocks  which  formed  the  chief  masses  of  dnft^.  Just 
as  in  the- Ural  Mountains  (pp.  483,  485),  these  gold  drifts  of  Victoria, 
like  others  described  by  Mr.  Clarke  in  New  South  Wales,  contain  the 
bones  of  extinct  species  of  quadrupeds  §  :  in  these  latter  cases,  however, 
the  animals  are  peculiar  to  the  Australian  continent. 

By  consulting  the  Beports  of  Mr.  Selwyn,  it  will  be  found  that  he 
refers,  as  above  stated,  the  auriferous  drifts  to  three  periods  of  time, 
two  of  which  he  considers  to  be  of  Tertiary  age,  and  the  most  recent  of 
modem  date  or  pure  alluvial  action.    At  first  sight  the  reader  might 

*  See  a  reference  to  the  suooessful  la*  the  three  deriyatiTe  sediments  into  which 

hours  of  this  geologist  in  North  Wales,  he  divides  their  detritus  in  Victoria,  Mr. 

p.  91.  Selwyn  thus  writes  to  Prof.  Bunsay : — 

t  Mr.  J.  S.  Wilson,  who,  after  a  resi-  "A  somewhat  remarkable  &ct  in  oonnec- 

denoe  in  South  Australia,  passed  three  tion   with  nearly  all  the  great  granitic 

years  as  a  gold  miner  in  the  Sierra  Nevada  masses  which  I  have  examined  ia,  that, 

of  California,  communicated  a  memoir  on  although  they  invariably  alter  the  eJate 

the  auriferous  rocks  of  that  region  to  the  rocks  near  their  jimction  and  send  reina 

G^loeical  Society  of  London.    From  his  into  them,  they  do  not  in  the  sh^htest 

own  observation  and  experience  he  affirms  degree  affect  the  general  strike  or  dip  of 

the  fact  of  the  downward  impOTcrishment  those  beds,  but  appear  to  have  themsdres 

of  gold-bearing  quarts  veins,  and  he  de-  partaken  of  the  movements  which  placed 

monstrates  that   the  richest  produce  is  those  Silurian  strata  in  their  highly  in* 

essentially  derired  from  loose  superficial  clined  and  contorted  positions,  and  gave 

debris.    The  quicksilver  (cinnabar)  which  them  their  veir  uniform  meridional  direc- 

is  extracted  from  the  coast  range  of  Gali-  tion."   He  adds,  **  There  is  very  little  slaty 

fomia,  occurs  in  veinstones,  in  clay-slate  cleavage  till  we  get  low  down  into  the 

(Silurian),  as   in  the  Sierra  Morena  of  Llandeilo  beds." 
Spain.  §  See  Bev.  W.  B.  Clarke,  Quart  Joum. 

X  In  addition  to  his  determination  of  the  Gleol.  Soc.  1856,  p.  405,  where  much  infor- 

age  of  the  original  gold-bearing  rocks,  and  mation  is  brought  together  by  the  author. 
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suppose  that  these  data  are  in  opposition  to  my  previous  statement,  that 
Secondary  and  Tertiary  rocks  have  not  furnished  gold.  Bi;t  such  is  not 
the  case ;  for  all  I  assert  is,  that  no  veinstones  or  original  segregations 
of  gold  worthy  of  notice  have  ever  been  found  in  such  Secondary  or 
Tertiary  rocks,  but  are  confined  to  the  paleozoic  rocks,  and  chiefly  to 
the  Lower  Silurian  and  their  associated  igneous  masses.  The  gold  drift 
which  most  prevails,  and  which  in  Siberia,  as  in  many  other  countries, 
has  afforded  the  most  gold,  is  truly  a  Tertiary  accumulation  of  Pliocene 
age,  being  charged  with  the  remains  of  extinct  mammalia,  as  reiterated 
from  my  former  works  in  this  chapter.  The  data,  however,  which  are 
here  contributed  by  the  researches  of  Mr.  Selwyn  are  new  to  geologists, 
since  they  appear  to  indicate  that  one  of  the  gold  drifts  of  Victoria  is 
of  Miocene  age.  Still  it  was  one  of  those  drifts  by  the  medium  of 
which  the  gold  was  abstracted  by  what  I  conceive  to  have  been  a 
powerful  denudation  firom  the  parent  rock,  just  as  in  the  subsequent  or 
Pliocene  time.  The  peculiar  features  of  the  successive  distribution  of  ■ 
the  auriferous  drifts  of  Victoria  will  doubtless  be  as  well  explained  by 
Mr.  Selwyn*,  as  I  know  they  will  be  beautifully  illustrated,  judging 
from  his  coloured  diagrams  which  are  now  before  me. 

The  observations  of  Mr.  John  Phillips,  a  gentleman  who,  in  the  year 
1847,  called  my  attention  to  the  existence  of  traces  of  gold  in  South 
Australia  (in  accordance  with  my  hypothesis),  agree  generally  with 
those  of  Mr.  Selwyn  respecting  the  rich  detrital  accumulations  f. 

The  ]ocal  character  of  the  gold  accumulation  of  Australia  has  in  the 
last  few  years  been  ascertained  by  the  close  examination  of  the  large 
Peel  Eiver  tract  by  my  friend  M.  Odemheimer,  who,  uniting  the  prac- 
tical habits  of  the  miner  with  an  intimate  knowledge  of  mineralogy,  has 
shown  how  in  that  fine  pastoral  region  the  gold-ore  occurs  in  small 
quantities  only.  The  thin  quartz  veins  in  which  the  ore  occurs  lie 
usually  in  greenstone  or  diorite ;  whilst  he  holds  the  theoretical  opinion, 
that  there  the  gold  results  jfrom  the  decomposition  of  auriferous  iron- 
pyrites,  difiused  also  through  hornblende-rock,  syenite,  porphyry,  and 
breccia,  as  well  as  greenstone.  Chromate  of  iron,  hematite,  and  magnetic 
iron,  as  well  as  several  precious  stones,  have  been  recognized  in  that 
region  J. 

The  public  of  Australia  have  also  been  made  acquainted  with  the 
manner  in  which  the  gold  occurs  in  the  original  quartz  veins  of  the 
Lower  Silurian  rocks,  whether  they  be  in  the  proximity  of  granite  or 
not,  or  difiused  in  the  gravel  derived  from  such  rocks,  by  the  Beports 

*  See  Quart.  Joam.  Gkol.  Soc.  voL  ziv.  1857-8,  p.  46  0^  m^.,  indudinff  Taluable 

p.  533.  notes  and  memoirs  by  Mr.  S^^rvn,  Mr. 

t  See  Rosales  on  gold  drift  below  basalt,  Phillips,  Mr.  Bedawaj,  and  Mr.  Bosales. 
and  on  two  auriferous  beds,  Quart.  Joum.        %  ^^  Quart.  Joum.  Oeol.  Soc.  vol  xi 

QeoL  Soc.  1855,  p.  397.   See  also  Abstracts  p.  899  ;  also  a  paper  on  Australian  Gtems, 

of  Proceedings  of  Geol.  Soc.  Lond.,  Session  bj  Mr.  G.  M.  Stephen,  ibid.  vol.  x.  p.  303. 
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of  the  Mining  Commissioners  of  Victoria,  Professor  M'Coy,  Mr.  Selwyn, 
and  otber  gentlemen*. 

While  these  Beports  extend  very  largely  the  areas  over  which  it  is 
reasonably  inferred  that  the  golden  detritus  will  be  found  to  extend, 
whether  in  depressions  or  on  the  slopes  of  the  old  slaty  Silurian  rocka 
(an  extent  which  can  only  be  precisely  measured  off  when  adequate  geo- 
graphical maps  shall  have  been  prepared),  the  Commissioners  point  out 
the  reckless  and  ignorant  manner  in  which  many  speculators  are  sinking 
shafts  in  proximity  to  each  other  in  the  so-called  "  quartz  ree&/'  and 
often  missing  the  vein, — whilst  one  successful  shaft  sunk  in  the  right 
direction,  with  an  adit,  would  serve  the  purposes  of  several  proprietors. 

They  also  show,  that  the  evidence  given  before  a  select  committee 
of  the  House  of  Legislature  has  been  sustained,  to  the  effect,  that 
**  auriferous  drifts  must  from  their  very  nature  be  quickly  worked  out 
in  any  one  spot."  The  Commissioners  add,  that  they  have  taken  great 
pains  to  investigate  these  points  on  the  gold-fields,  and  the  result  has 
been  the  most  complete  confirmation  of  the  evidence  alluded  to.  Some 
of  the  old  alluvial  gold-fields,  in  full  prosperity  when  that  evidence  was 
given,  are  now  comparatively  deserted,  and  there  can  be  no  longer  any 
difference  of  opinion  respecting  that  class  of  drifted  gold  deposits. 

With  regard  to  the  evidence  touching  the  yield  of  gold  from  deep 
mining  into  the  **  quartz  reefs,"  concerning  which  there  was  the  greatest 
scepticism,  the  same  result  seemed  at  first  to  follow  the  local  inquiries 
of  these  Commissioners,  who,  in  a  Eeport  signed  by  their  Chairman, 
have  said  that  experience  in  every  country  has  proved  that  the  yield 
of  gold  decreases  with  the  depth,  after  a  certain  small  limit,  when 
mining  in  the  solid  rock  had  been  attempted.  An  enumeration  by 
name  was  indeed  made  of  ten  working  shafts  which  had  been  abandoned 
in  consequence  of  finding  the  gold  diminish  downwards, — ^in  some  cases 
at  a  few  feet  only,  in  others  ceasing  entirely,  and  again  in  a  third  class 
continuing  downwards  in  small  quantities  to  about  800  feet.  They  then 
concluded,  that  enough  has  been  stated  to  vindicate  the  scientific  inference 
that  deep  mining  in  the  solid  quartz  rock  is  usually  unprofitable, — a 
conclusion  which  was  in  unison  with  my  opinion  founded  on  knowledge 
derived  from  other  gold  countries,  as  published  many  years  before  gold  was 
worked  in  Victoria :  this  was  reiterated  in  the  first  edition  of '  Siluria.' 

The  knowledge,  however,  which  I  have  since  obtained,  induces  me 
materially  to  modify  that  view,  and  particularly  as  respects  the  colony  of 
Victoria.  Through  the  consideration  of  Lord  Stanley,  when  recently 
H.M.  Secretary  for  the  Colonies,  I  was  made  acquainted  with  the  opinion 
of  Sir  H.  Barkly,  the  enlightened  Gh)vemor  of  the  colony,  as  based  upon 
extensive  inquiries  and  personal  observation,  which  went  to  show  that 

*  See  Beport  to  the  Surveyor  Qeneral  and  the  Chief  Secrctaiy  on  the  Mining  Be- 
Bouroes  of  the  CJolony  of  Victoria,  1866-7. 
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a  much  greater  supply  was  derived  from  mining  in  the  '^  quartz  reefs  " 
than  I  h{(d  supposed  to  be  the  case.  AgaLo^  H.  M.  present  Secretary 
for  the  Colonies,  Sir  E.  Bulwer  Lytton,  having  transmitted  to  me, 
through  the  Earl  of  Camanron,  copies  of  the  most  recent  despatches 
(July  12)  from  Sir  H,  Barkly,  with  Beports  from  Mr.  Selwyn,  accom- 
panied by  coloured  geological  maps  and  sections  prepared  by  that  able 
geologist,  whose  observations  extend  over  more  than  five  years, — I  am 
bound  to  say  that,  if  the  quartz-reefs  yet  untouched  should  prove  as  rich 
as  several  which  are  now  yielding  good  profit  to  the  miner,  the  future 
supply  of  gold  from  Victoria  will  be  much  more  durable  than  that 
derived  from  any  other  known  auriferous  country,  excepting  perhaps 
a  portion  of  Califomia.  In  fact,  Victoria  is,  as  far  as  I  know,  the  richest 
gold  country  of  which  history  records  an  example,  whether  we  look  to 
the  very  wide  diffusion  of  the  auriferous  debris,  which  Mr.  Selwyn 
estimates  to  be  spread  over  10,000  square  miles,  or  to  the  quartz  veins 
in  the  solid  slaty  rocks,  which,  by  the  improved  processes  of  crushing, 
are  forced  to  yield  a  supply  which  could  not  have  been  obtained  a  few 
years  ago  by  any  of  the  old  methods  of  extraction  (see  note,  p.  479). 

Mr.  Selwyn  has  satisfied  himself  that  the  gold  quartz  veins  of  Victoria 
are  confined  to  rocks  of  the  Lower  Paleozoic  age,  chiefly  those  which 
belong  to  my  original  Lower  Silurian  division  in  ascending  from  the 
Llandeilo  formation  to  the  Upper  Caradoc  inclusive,  or  those  strata 
charged  with  Pentameri,  which  in  this  volume  are  termed  Llandovery 
rocks.  "  Li  every  part  of  the  colony,"  says  he,  "  where  such  rocks 
appear  on  the  surface,  they  are  intersected  almost  invariably  in  a  meri- 
dional direction  by  quartz  veins,  from  the  thickness  of  a  thread  to  the 
dimensions  of  10  or  15  feet,  and  in  marvellous  abundance.  Not  one 
per  cent,  of  these  *  quartz  reefs '  has  as  yet  been  touched  by  the  miner, 
and  therefore  the  only  evidence  we  have  at  present  of  their  containing 
gold  is  in  the  richly  auriferous  and  widely-spread  tertiary  deposits 
[drifts]  which  everywhere  accompany  them,  and  which  have  undoubtedly 
been  derived  from  their  pre-existing  upper  surfaces." 

After  showing  that  the  vast  areas  of  granite  which  in  this  region  have 
been  protruded  through  those  old  stratified  auriferous  rocks,  have  had 
no  influence  upon  their  meridional  or  north  and  south  direction,  or  their 
upheaval  and  contortion,  this  skilful  observer  infers,  that  the  quartz  veins 
of  the  Silurian  rocks  of  Victoria  are  older  than  the  granites. 

Believing  that  the  cracks  and  fissures  in  which  the  gold  quartz  reefs 
occur  have  not  been  mineralized  by  any  process  different  from  that  which 
has  operated  in  other  mineral  veinstones,  he  remarks,  that  "  although 
no  very  reliable  evidence  exists  of  their  increasing  downwards  very 
greatly  in  richness,  neither  is  there  any  evidence  whatever  in  Victoria 
which  would  enable  us  to  state,  that  any  vein  rich  at  the  surface  will  die 
out  or  suddenly  become  unprofitable." 
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"  There  is  undoubtedly  good  evidence,'*  he  adds,  "  that  those  upper 
portions  of  the  gold  quartz  veins  which  have  been  naturally  removed 
by  denudation,  and  now  form  the  gold  drifts,  were  often  far  richer  than 
any  we  now  find  at  the  surface ;  but  in  drawing  conclusions  from  this 
evidence,  we  should  not  forget,  that  in  all  probability  many  hundreds  of 
vertical  feet  of  quartz  veins  have  been  thus  naturally  broken  up,  crashed, 
and  washed;  and  the  fact  of  the  veins  (so  abraded)  being  still  frequently 
very  rich  on  their  present  surface,  goes  far,  I  think,  to  prove  that  the 
diminution  of  yield  in  depth,  even  though  admitted  to  be  true  on  a  large 
scale,  is  still  so  slow  as  not  to  be  appreciable  within  any  depth  to  which 
ordinary  mining  operations  are  carried." 

Giving  several  illustrations  confirmatory  of  his  views,  and  showing 
that  the  deepest  shaft  in  which  a  quartz  vein  was  proved  productive 
reaches  to  400  feet,  Mr.  Selwyn  concludes  by  expressing  his  opinion, 
**  that  the  extraction  of  gold  from  quartz  reefs,  if  properly  conducted,  may 
be  regarded  as  an  occupation  which  will  prove  as  permanently  profitable 
in  Victoria,  as  tin*  and  copper  mining  have  been  in  Great  Britain." 

In  bowing  to  the  reaaoning  of  a  sound  geologist,  who  has  so  carefully 
explored  our  most  auriferous  colony,  and  in  necessarily  modifying  my 
former  suggestion  respecting  the  profitless  nature  of  gold-mining  in  the 
nolid  rocks  of  Victoria^  I  still  adhere  to  the  belief,  that,  in  general,  gold- 
veins  diminish  in  value  as  they  descend ;  and  I  cannot  but  think  that  even 
Victoria  affords  indications  of  this  phenomenon,  inasmuch  as  all  the  huge 
nuggets  of  gold  have  there  been  found  in  drift  derived  from  the  upper  por- 
tion of  the  rocks.  I  have  indeed  yet  to  learn,  that  lumpsof  gold  approaching 
to  large  dimensions  have  been  detected  in  any  one  of  the  numerous  quartz 
reefs  which  are  now  worked  in  California  or  Victoria ;  in  these  the  gold 
is  disseminated  downwards  in  fine  strings  or  small  grains f. 

*  It  may  also  be  here  mentioned,  that  years.    In  showing  a  steadiness  of  produce 

the  gold-fields  of  Victoria  have  afforded  which  gives  promise  of  vean  of  prosperity 

tin,  a  mineral  unknown  in  Russia,  which  to  come,  we  also  learn,  from  a  valuable  and 

is  found  not  only  in  the  form  of  sand,  instructive  table  in  the  same  journal,  that 

but  also  in  small  limips,  and  highly  co-  the  produce  of  gold  has  by  no  means 

loured  crystals.    The  reader  who  wishes  '  kept  pace  with  the  increase  of  the  popula- 

to  obtain  a  general  view  of  the  most  im-  tion,  which  now  amounts  to  neany  half 

portant  of  the  Australian  gold  diggings,  a  nuUion  of  souls.    Thus,  in  the  second 

and  aoquiie  an  insight  into  the  statistics  year  of  gold  extraction  (1852)  the  amount 

and  social  condition  of  the  wonderful  co-  was  1,974,975  ozs.,  with  a  population  of 

lony  of  Victoria,  should  peruse  the  works  148,000  persons ;  whilst  in  1857  tiie  yield 

of  Mr.  Westgarth  and  Mf.  Wathen.    As  did  not  exceed  2,729,655  ozs.,  with  a  oen- 

r^gards  produce  up  to  a  certain  period,  sub  of  457,000  inhabitants.    It  is  a  fact 

see  also  Release,  Annales  des  Mines,  1858,  well  worthy  of  notice,  that  in  1857, 62,236 

tom.  iii.  ser.  5.  p.  185.   The  true  chronicler,  persons  were  engaged  in  mining  pursuits ; 

however,  of  all  the  auriferous  returns  must  and  thai,  although  the  popult^on  has 

refer  to  the  files  of  the  Victorian  news-  augmented  in  tms  year,  the  number  of 

papers.     By  the  Melbourne  *  Argus  *  of  miners  has  by  the  last  accounts  decreased. 

July  15th,  I  learn  that  the  yield  of  gold,  f  Sinoe  the  large  lump,  weighing  up- 

which  in  1857  had  diminished,  has  during  wards  of  146  lbs.,  called  the  '  Blanch 

the  first  six  months  of  the  present  year  Barkly  Nugget '  (see  note,  p.  484),  was  ex* 

(1858)   exceeded  the  average  of  former  himied,  another  mass  has,  it  is  said,  been 
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One  oif  the  most  striking  examples  of  successful  mining  in  quartz 
reefs  is  given  in  a  recent  Eeport  of  Mr.  Selwyn  upon  the  Clunes 
qiiartz-mining-field,  about  twenty  miles  north  of  Bailaarat,  and  in  the 
occupation  of  the  Port  Phillip  Company.  There,  it  appears  that  four 
thin  quartz  veins,  trending  from  north  to  south,  and  running  parallel 
to  each  other  and  to  the  strata,  plunge  eastwards  in  conformity  with 
the  strata  of  the  Lower  Silurian  rock  in  which  they  lie,  and  at  a  high 
angle  near  the  side  of  a  hill,  so  that  the  small  width  of  the  veined 
ground,  from  west  to  east,  is  easily  traversed  by  adits  from  the  lower 
sloping  side  of  the  hill.  An  abundance  of  water,  and  every  facility  for 
working  by  means  of  levels,  together  with  the  position  of  the  veins, 
present  a  combination  of  circumstances,  as  Mr.  Selwyn  observes,  rarely 
met  with  in  connexion  with  quartz  veins,  and  one  which  will  enable 
these  reefs  to  be  worked  far  more  profitably,  and  at  greater  depths, 
than  many  others  in  the  colony  of  Victoria*. 

In  thus  modifying  a  portion  of  my  views,  I  readily  admit,  that  inas- 
much as  the  broken  or  drift  gold  of  Victoria  has  exceeded  anything  of 
which  we  have  a  record  in  history,  so  it  is  a  Mr  inference,  that  the 
quartz  reefs  in  the  solid  rock  of  the  same  colony,  from  the  higher  parts 
of  which  the  richest  drifted  materials  were  derived,  may  prove  much 
more  remunerative  than  those  of  other  countries. 

Looking,  however,  at  the  Australian  phenomena  on  a  broad  scale, 
there  are  no  essential  distinctions  between  them  and  the  geological  rela- 
tions of  gold  in  the  Old  World  and  in  America. 

The  great  sources  of  wealth,  as  elsewhere,  are  those  depressions 
which  have  been  filled,  or  slopes  which  have  been  strewed  over,  with 
debris  from  the  mountains,  whether  coarse  or  fine.  The  outlines  and 
depths  of  all  these  detrital  heaps  are  ascertainable,  and  the  period  of 
their  exhaustion  may  therefore  be  estimated  approximately.  It  matters 
nothing  to  the  statist  whether  the  richest  portions  of  this  golden  drift, 
or  accumulation  of  broken  materials,  were  for  the  most  part  aggregated, 
as  I  think,  by  causes  now  no  longer  in  action,  which  powerfully  abraded 
the  surface  of  the  hills  (as  explained  in  the  previous  pages,  and  parti- 
found  at  Ballaarat,  weighing  more  than  distributed  in  the  drift  occupying  the 
184  lbs. !  Now,  as  these  and  all  the  laige  slopes  and  vaUeys  of  Victoria,  the  gold 
nuggets  oooor  low  down  in  drifts,  the  beta  quartz  reefe  now  exposed  on  the  tops  of 
seem  strikingly  to  confirm  my  view,  that  tne  depressions  are  those  portions  or  the 
the  higher  portions  of  the  vemstones,  or  veins  which  originally  were  at  great  depths, 
those&st  abraded,  afforded  masses  of  gold  If  this  view  be  fully  admitted,  the  specu- 
much  larger  and  richer  than  thode  finer  lator  in  Yiotoria  who  sinks  for  gold  in  the 
filaments  and  grains  which,  derived  firom  soUd  rock  has  certainly  in  it  an  argument 
lower  parts  of  the  veifistone,  are  lodged  in  his  &your.  Judging,  however,  from  facts 
m  the  upper  detritus,  and  experience,  it  may  still  be  affirmed 

•  In  his  Beport  on  this  mine,  Mr.  Sel-  that  gold  has  not  yet  been  found  to  ex- 
wyn  offers  the  surmise,  that,  as  a  former  pand  downwards,  like  copper  and  lead ; 
covering,  of  great  thickness  of  strata,  has  such  a  phenomenon  being  as  yet  unknown 
been  removed,  and  the  broken  materials    in  any  country. 

2n 
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cularlj  in  the  diagram,  p.  489),  or  whether  the  diuraal  atmospheric  action 
for  thousands  of  years  has  also  been  an  eifective  agent.  Both  causes 
have  unquestionably  contributed  to  spread  out  and  render  more  access- 
ible a  material,  the  search  after  which  in  the  solid  rock  is  attended  with 
so  much  difficulty. 

In  the  mean  time,  a  basis  of  all  such  researches  and  inquiries  into  the 
probable  amount  of  the  drift  gold,  must  be  provided  by  good  geogra- 
phical surveys  of  the  auriferous  countries  of  Australia,  as  completing  the 
work  commenced  by  the  late  Sir  T.  Mitchell  and  his  associates.  On  that 
important  groundwork,  geologists  may  record  all  progressive  observa- 
tions respecting  a  region  hitherto  almost  exclusively  pastoral,  but  which 
has  suddenly  become  a  great  and  populous  centre  of  commerce  through 
the  development  of  its  very  prolific  gold-fields*. 

Conclusion. — Notwithstanding  the  preceding  sketchy  it  would  ill 
become  any  geologist^  who  throws  his  eye  over  the  gold  map  of  the 
world  prepared  by  Adolf  Erman^  to  attempt  to  estimate^  at  this 
day^  the  amount  of  gold  which  remains^  like  that  of  Australia^  un- 
detected in  vast  regions  of  the  earth,  as  yet  unknown  even  to  geo- 
graphers ;  still  less  to  speculate  upon  the  relative  proportions  of  it 
in  such  countries.  At  the  same  time,  the  broad  features  of  the  case 
in  all  known  lands  may  be  appealed  to,  to  check  extravagant  fears 
and  apprehensions  respecting  an  excessive  production  of  the  ore ; 
for  we  can  trace  the  boundaries,  rude  as  they  m^  be,  of  a  metal 
ever  destined  to  remain  precious  on  account  of  those  limits  in  posi- 
tion, breadth,  and  depth  by  which  it  is  circumscribed  in  Nature's 
bank.  Let  it  be  borne  in  mind,  that,  whilst  no  quantity  of  gold 
has  ever  been  found  in  veins  in  the  secondary  and  tertiary  rocks 
which  occupy  so  large  a  portion  of  the  surface,  mines  simk  down 
into  the  veinstones  of  the  old  slaty  rocks,  where  it  does  occur, 
have  hitherto,  with  rare  exceptions  (chiefly  in  Victoria),  proved  un- 
remunerative.     The  other  cases,  in  which  deep  mining  repays,  are 

*  In  this  chapter  I  nooessarily  abstain  rian  age.    The  disoovcry  of  gold  on  the 

from  alluding  to  many  tracts  more  or  less  Frazer  Biver,  in  the  western  possessions 

auriferous,  but  not  yet  known  to  bo  rich  of  British  America,  was  quite  to  have  been 

in  produce,  which  come  under  the  sarnie  expected,  as  the  ridges  between  which  that 

laws  of  distribution  as  those  described  in  river  flows  are  simply  prolongations  of  the 

the  text.     Such,  for  example,  are  the  phe-  auriferous  chains  of  California,  which  are 

nomena  of  the  southern  proTinoes  of  the  (in  great  part,  at  least)  of  Lower  Silurian 

United  States  (S.  Carolina,  &c.),  and  also  age.     That  a  large  portion  of  the  Rocky 

of  the  British  province  of  Canada,  whence  Mountains,  both  British  and  Russian,  wul 

a  certain  amount  of  gold  has  been  derived  proTC  to  be  auriferous,  is  indeed  to  be  in- 

from  metamorphio  rocks,  which,  according  ferred  by  the  recent  discovery  on  the  Frazer 

to  Mr.  Logan,  arc  probably  of  Lower  Silu-  River.---«7«fy  1858. 
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those  where  the  rocks  are  soft,  and  the  price  of  labour  low.  Further, 
it  has  been  ascertained,  that,  whatever  may  have  been  the  agency 
by  which  this  impregnation  was  effected,  the  metal  has  been  chiefly  • 
gathered  together  in  veinstones  towards  the  surface  of  the  rocks ; 
and  then,  by  the  abrasion  and  dispersion  of  these  parts,  the  richest 
golden  materials  have  been  spread  out,  in  limited  patches,  and  gene- 
rally near  the  bottom  of  basin-shaped  accumulations  of  detritus. 

Now,  as  every  heap  of  these  broken  auriferous  materials  in  foreign 
lands  has  just  as  well-defined  a  base  as  each  gravel-patch  in  our 
own  country,  it  is  quite  certain,  that  hollows  or  slopes  so  occupied, 
whether  in  California  or  Australia,  must  be  dug  out  and  exhausted, 
in  a  greater  or  less  period.  In  fact,  all  similar  deposits  in  the  Old 
or  New  World  have  had  their  gold  abstracted  from  heaps  the  areas 
of  which  have  been  traced,  and  their  bottoms  reached.  Not  pro- 
ceeding beyond  the  evidences  registered  in  the  stone-book  of  Nature, 
it  may  therefore  be  affirmed,  that  the  period  of  such  exhaustion  in 
each  country  (for  the  deposits  are  much  shallower  in  some  tracts 
than  in  others)  will,  in  great  measure,  depend  on  the  numbers  and 
activity  of  the  workmen  employed  in  each  locality.  Numerous 
hands,  used  with  Anglo-Saxon  energy,  in  California  and  Australia, 
may,  in  a  quarter  of  a  century,  accomplish  results  which  could  be 
attained  only  in  many  centuries  by  a  scanty  and  lazy  indigenous 
population ;  and  thus  the  present  large  flow  of  gold  into  Europe  from 
such  tracts  must,  in  my  opinion,  diminish,  as  soon  as  the  richer 
detritus  of  certain  tracts  has  been  sifted. 

In  defining  the  general  character  of  the  most  productive  auriferous 
rocks,  the  geologist  must,  however,  necessarily  admit  a  considerable 
number  of  exceptions  to  any  prevailing  rule ;  for,  whilst  the 
chemist,  as  before  said,  has  recently  detected  minute  traces  of 
gold  in  lead  and  copper  ores,  the  researches  of  the  practical  miner 
have  taught  us,  that  in  any  auriferous  region  where  certain  quartz- 
ose  lodes  are  surcharged  with  ores  of  iron,  particularly  the  oxides 
and  sulphurets,  some  amount  of  gold  will  probably  be  found. 
Again,  the  diffiision  or  dissemination  of  small  particles  of  gold 
throughout  the  body  of  various  rocks  both  of  igneous  and  aqueous 
origin,  is,  as  before  said,  a  phenomenon  dwelt  upon  by  certain 
authors.  Humboldt,  indeed,  asserted  long  since,  that  in  Guiana, 
"  gold,  like  tin,  is  sometimes  disseminated  in  an  almost  imperceptible 

2x2 
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manner  in  the  mass  itself  of  the  granitic  rocks,  without  the  ramifi- 
cation or  interlacing  of  any  small  veins*.''  In  Mexico,  the  gold 
mine  of  Guadalupe  y  Calvo,  before  alluded  tot,  was  in  porphyry. 
In  Australia  (district  of  Bnddwood,  and  others  south  of  Sydney), 
a  peculiar  variety  of  felspathic  granite  is  described  by  Mr.  Clarke 
as  being  permeated  by  small  particles  of  gold ;  whilst  in  Siberia, 
*  Hoffinann,  as  abeady  stated  (p.  487),  had  spoken  of  its  distribu- 
tion in  such  minute  quantities  in  clay-slate,  that  it  was  only  by 
pounding  up  large  lumps  of  the  rock  that  any  perceptible  quantity 
could  be  extracted  J. 

In  all  regions,  therefore,  where  auriferous  rocks  ck»ur,  we  may  find 
gold  either  in  the  coarse  debris  of  tertiary  age,  or  in  the  fine  modem 
alluvia  resulting  from  their  decomposition.  Felspar  and  quartz 
being  their  chief  component  parts,  we  can  easily  imagine  how  their 
former  destruction  on  a  great  scale  would  leave  as  a  residue  large 
heaps  of  that  pipe-day  (the  decomposed  felspar),  or  those  gritty 
pebbles  (the  abraded  quartz),  which,  with  the  accompanying  ores  of 
iron  (particularly  the  black  magnetic  oxide),  are  so  frequently  the 
gold-bearing  matrices  in  the  drift  of  auriferous  countries.  But 
whilst  it  is  an  admitted  fact,  that  gold  has  sometimes  been  so 
diffused  in  minute  and  imperceptible  particles  in  certain  rocks,  we 
know  of  no  case,  I  repeat,  in  which,  when  it  has  been  segr^ated 
into  lumps  and  veins,  the  ore  ever  expands  downwards  in  the  body 
of  any  mountain.  At  all  events,  the  indisputable  fact  is,  that  the 
chief  quantities  of  gold,  including  all  the  considerable  lumps  and 
pepitas,  have  been  found  imbedded  in  the  upper  parts  of  the  vein- 
stones, and  have  been  broken  up  and  transported  with  the  debris 
of  the  mountain-tops  on  slopes  or  into  adjacent  valleys. 

In  closing  these  remarks,  let  me  express  my  opinion,  that  the  fear 
that  gold  may  be  greatly  depreciated  in  value  relative  to  silver — a 
fear  which  may  have  seized  upon  the  minds  of  some  of  my  readers 
— seems  to  me  to  be  imwarranted  by  the  data  registered  in  the  crust 
of  the  earth ;  for,  after  all  the  recent  discoveries,  my  readers  may 
be  assured  that  gold  is  much  the  most  restricted — in  its  native 
distribution — of  the  precious  metals.  Argentiferous  lead,  on  the 
contrary,  expands  so  largely  downwards  into  the  bowels  of  the  rocks, 

•  Voyages,  vol.  ii.  p.  238.  f  Page  488. 

{  Beue  naoh  dem  Ooldwaachen  Ost-SibirienB  by  ErnBt  Hoffia[iann,  St  Peters- 
burg, 1847. 
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as  to  lead  us  to  believe  that  it  must  yield  enormous  quantities  of 
silver  for  ages  to  come ;  and  the  more  so  in  proportion  as  better 
machinery  and  new  inventions  shall  lessen  the  difficulty  of  subter- 
ranean mining"^.  It  may  indeed  well  be  doubted  whether  the  quan- 
tities both  of  gold  and  silver  procm*ed  from  regions  unknown  to 
our  progenitors  will  prove  more  than  sufficient  to  meet  the  exigen- 
cies of  an  enormously  increased  population  and  our  augmenting 
commerce  and  luxury.  But  this  is  not  a  theme  for  a  geologist ; 
and  I  would  simply  say^  that  Providence  seems  to  have  originally 
adjusted  the  relative  value  of  these  two  precious  metals  for  the  use 
of  man^  and  that  their  relations  having  remained  the  same  for 
ages^  will  long  survive  all  theories.  Modem  science^  therefore^ 
instead  of  contradicting^  only  confirms  the  truth  of  the  aphorism  of 
the  patriarch  Job^  which  thus  shadowed  forth  the  downward  per- 
sistence of  the  one  and  the  superficial  distribution  of  the  other : — 
"  Surely  there  is  a  vein  for  the  silver The  earth  hath  dust  of 

goid^:' 

This  great  truth  being  sustained  by  the  experience  of  ages^  the 
geologist  further  shows^  that  the  stony  masses  which  have  supplied 
this  dust  (or  drift)  of  gold^  as  now  distributed  over  the  surface^  are 
chiefly  those  Silurian  or  associated  rocks  which  have  been  the  espe- 
cial subject  of  our  consideration. 

*  A  Bq[>ort  from  the  late  Col.  Uojd  rilver  will  be  much  augmented,  reminding 

(Joum.  B.  GbograplLSoo.yol.zxiii.p.196)  me  how  tracts  in  Spain  which  contained 

showed  to  what  a  vast  extent  silver  might  rich  silver-mines  in  the  dajs  of  Hannibal 

yet  be  extracted  from  the  South  American  had  recently  proved  to  be  highly  pro> 

mines.    This  was,  indeed,  the  view  taken  ductive. 

long  ago  by  Humboldt,  who  has  expressed  f  The  Book  of  Job,  chap«  2S. 
to  me  his  conviction  that  the  produce  of 
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CHAPTER  XX. 

BIOAPITULATIOK. — BILVBIAV  BOCKS  OF  THE  GOKTIirENT  COMPABED  WTTH  THOSE 
OP  BBITAIir. —  GEKEBAL  VIEW  OP  THE  SUCCESSION  OP  LIPB  PBOM  ITS  PIB8T 
BBCOONIZABLE  TBACEB. — THE  FBOOBESS  OP  CBEATION  PBOM  AN  DTYEBTEBBATB 
EPOCH  THBOUGH  SUOCESSITE  PEBI0D8  ;  THE  PIBST  MABKED  BY  THE  ADDITION 
OP  PISHES,  THE  NEXT  BT  THAT  OP  BEPTIIiBB,  AND  THE  THIBD  BT  THAT  OP 
MAMMALS. — THBOHETIOAL  SPECULATIONS  DISTINQUISHED  PBOM  ABSOLUTE  OEO- 
LOOICAL  BESULTS. — CONCLUSION. 

Reverting  to  the  main  object  of  this  work^ — the  history  of  the 
primeval  rocks^ — ^let  us  now  see  what  inferences  may  be  drawn  from 
data  furnished  by  the  researches  of  the  geologist.  Passing  rapidly 
over  the  earliest  stages  of  the  planet,  which  are  necessarily  involved 
in  obscurity,  our  sketch  of  ancient  nature  began  with  the  first  at- 
tainable evidences  of  the  formation  of  sediments  composed  of  mud, 
sand,  and  pebbles,  which  overlie  the  fundamental  ancient  gneiss^ 
of  Britain  and  other  countries.  It  was  shown,  that  the  lowest  of 
these  regenerated  deposits,  though  of  vast  dimensions,  and  occa^ 
sionally  less  altered  than  some  of  the  strata  formed  after  them, 
contained  the  rarest  trace  of  inhabitants  of  the  seas  in  which  they 
were  accumulated. 

Proofs  were  then  adduced  to  demonstrate  that  in  the  next  for- 
mations, little  differing  in  mineral  character  from  those  which  pre- 
ceded them,  observers  in  various  regions  had  detected  clear  but 
scanty  signs  of  a  contemporaneous  appearance  of  animal  life,  as 
shown  by  the  presence  of  some  few  crustaceans,  mollusks,  and 
zoophytes,  occupying  layers  at  a  similar  horizon  in  the  crust  of  the 
earth  in  very  distant  regions.  Proceeding  upwards  from  that  early 
zone,  we  then  ascended  to  other  sediments,  in  which  we  recognize 
a  copious  distribution  of  submarine  creatures,  closely  resembling 
each  other,  though  imbedded  in  rocks  now  separated  by  wide  seas, 
and  occasionally  raised  up  into  high  mountains,  as  in  the  Hima- 
layan region.  Examining  all  the  strata  exposed  to  view,  that  were 
formed  during  the  first  long  natural  epoch  of  similar  life  termed 
Silurian,  we  found  that  the  successive  deposits  were  chained  with 

•  Sec  Appendix  B. 
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a  great  variety  of  forms, — of  the  trilobite,  a  peculiar  crustacean, — 
of  the  earliest  chambered  shells, — as  well  as  with  numerous  ex- 
quisitely formed  moUusks,  crinoids,  and  zoophytes ;  the  families  of 
cystideans  and  graptolites  being  exclusively  found  in  these  Silurian 
rocks.  In  short,  my  contemporaries  have  assembled,  firom  those 
ancient  and  desiccated  sediments  or  repositories  of  primeval  marine 
creatures,  examples  of  every  group  of  purely  aquatic  animals,  save 
fishes.  Though  we  are  now  as  well  acquainted  with  the  contents 
of  the  paleozoic  rocks  as  with  those  of  mesozoic  age,  the  multiplied 
researches*  during  the  last  twenty-five  years  have  failed  to  detect 
the  trace  of  a  fish,  amid  the  multitudes  of  all  other  marine  beings, 
in  the  various  sediments  which  constitute  the  mass  of  the  Silurian 
rocks.  Of  these,  though  they  are  the  lowest  in  the  scale  of  the 
great  division  Vertebrata,  we  are  imable  to  perceive  a  vestige  until 
we  reach  the  highest  zone  of  the  Upper  Silurian,  and  are  about 
to  enter  upon  the  Devonian  period.  Even  on  that  horizon,  the 
minute  fossil  fishes,  long  ago  noticed  by  myself,  are  exceedingly 
scarce  in  Britain,  though  more  abundant  in  Russia.  In  fact,  the 
few  cartilaginous  ichthyolites  of  the  uppermost  band  of  Silurian 
rock  still  remain  the  most  ancient  known  beings  of  their  classf. 
(See  PI.  35.) 

Looking,  therefore,  at  the  Silurian  System  as  a  whole,  and 
judging  from  the  collection  of  facts  gathered  from  all  quarters  of 
the  globe,  we  know  that  its  chief  deposits  (certainly  all  the  lower 
and  by  far  the  thickest  and  most  extensive)  were  formed  during  a 
long  period,  in  which,  while  the  sea  abounded  with  countless  inver- 
tebrate animals,  so  far  as  is  known,  no  bony  fishes  had  been  called 
into  existence  J.  The  Silurian  (except  at  its  close)  was  consequently 
an  epoch  in  which  there  appeared  no  example  of  that  complete 
bony  framework,  in  which,  as  approaching  to  the  vertebrate  arche- 
type, the  comparative  anatomist  §  traces  the  first  step  in  that  series 
of  creations  which  ended  in  Man. 

*  My  researcheB  were  commenoed  in  yeriebrata  in  the  Silurian  rocks  of  die  W. 

1831,  and  the  Silurian  olaBsification  was  of  France! 
propounded  in  1835.  §  See  Owen  on  the  Homology  of  the 

t  I  do  not  admit  that  the  microscopic  Vertebrate  Skeleton,  Reports  Brit.  Assoc. 
Russian  forms  caUedConodonts  by  Pander  Adv.  Science,  1846,  p.  169.  The  general 
belong  to  fishes.  See  Prof.  Quekett's  note  reader  will  find  a  powerful  essay,  embody- 
on  tliis  point  (Appendix  F) .  ing  the  opinions,  I  beUcve,  of  the  same  high 

X  See  Appendix  0-  for  the  correction  of  authority,  on  the  proofs  of  a  progression 

the  mistake  of  the  supposed  existence  of  in  creation,  in  the  Quarterly  Review,  1851, 
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Whether,  therefore,  the  term  "  successive  *'  or  "  progressive  "  be 
applied  to  such  phenomena,  I  ipaintain,  upon  sound  and  general 
evidence,  that  there  was  a  long  period  in  the  history  of  the  world 
wherein  no  vertebrated  animal  seems  to  have  lived.  In  this  sense, 
the  appearance  of  the  first  recognizable  fossil  fishes,  towards  the 
close  of  the  Silurian  period  (and  then  they  were  cartilaginous),, 
seems  to  be  as  decisive  a  proof  of  a  distinct  creation,  as  the  placing 
of  Man  upon  the  terrestrial  surface,  at  the  end  of  the  whole  list  of 
animals  which  characterize  the  younger  geological  periods. 

Nor  have  we  been  able  to  disinter  from  the  older  strata  of  this 
long  period  of  invertebrate  life,  any  distinct  fragments  of  land- 
plants.  But  in  the  very  same  stratum  wherein  the  few  earliest 
small  fishes  have  been  detected,  there  also  have  we  observed  the 
first  clear  appearances  of  trees,  also  of  very  small  dimensions. 

If  it  be  granted  that  the  position  of  the  earliest  recognizable 
vertebrata  is  sound  evidence  on  which  to  argue,  still  it  may  be 
contended,  that  such  forms  might  at  a  future  period  be  found  in 
still  lower  strata.  In  this  work,  however,  I  reason  from  known 
data  only.  Nor  is  it  on  such  testimony  alone,  strong,  dear,  and 
universal  as  it  is,  that  my  argument  is  based ;  for  as  soon  as  we 
pass  into  the  formation  immediately  overlying,  and  quit  the  zone 
wherein  the  first  few  fishes  have  been  detected,  we  are  fiirmshed 
with  collateral  proofs  that  this  was  the  earliest  great  step  in  a  suc- 
cessive order  of  creation.  In  the  following  or  Devonian  period,  we 
are  surrounded  by  a  profusion  of  lai^  fossil  fishes,  with  vertebrae 
rarely  ossified*,  and  with  dermal  skeletons  of  very  singular  forms 
— all  differing  vastly  from  anything  of  their  class  in  the  succeeding 
epochs.  It  is  thus  clear  that  these  fishes  were  marked  additions 
to  the  pre-*existing  forms  of  marine  life.  Again,  in  this  Devonian 
era,  we  are  presented  with  some  well-defined  land-plants,  also  of 
larger  dimensions  than  the  rare  specimens  in  the  uppermost  Silu- 
rian ;  while,  towards  the  close  of  the  period,  we  meet  with  an  air- 
breathing  reptile.    With  the  little  Tderpeton  there  were  some  tfee- 

p.  412  et  teq.    The  argumenti  there  em-  several  of  the  news  which  are  here  advo- 

ployod  have  been  strengthened  by  subse-  oated. 

?uent  discoyeries  alluded  to  in  this  volume.  *  A  Coccosteus  with  a  true  bony  ver^ 

would  also  specially  refer  the  reader  to  tebra  has  recently  been  found  by  BCr.  C. 

Professor  Sedgwick's  *  Discourse  on   the  Peach,  and  added  to  the  Museum  in  Jer- 

Studies  of  the  University  of  Cambridge '  myn  Street, 
for  a  masterly  and  eloquent  illustration  of 
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ferns,  or  at  least  lycopodiaceous  plants,  and  even  Coniferae,  amid 
the  roots  of  which  he  could  nestle,  (see  p.  290). 

But  this  lizard  was  not  solitary;  for  in  my  last  excursion  to  the 
North  of  Scotland  (September  1868)  I  satisfied  myself  that  this 
little  animal  had  a  larger  associate  in  the  youngest  member  of  the 
Devonian  series, — the  footprints  of  a  large  reptile  being  rife  on  the 
surface  of  the  sandstone  N.  of  Elgin"*^,  which  I  am  convinced  is  of 
Upper  Devonian  age;  whilst  even  its  bones — still  retaining  the 
osseous  matter — have  been  preserved  in  the  body  of  the  yellowish 
sandstone  rock.  (See  Appendix  B  and  Q.) 

Just  as  the  introduction  of  cartilaginous  fishes  is  barely  traceable 
towards  the  dose  of  the  long  Silurian  era,  so,  becoming  afterwards 
much  more  abundant  in  the  Devonian  rocks,  they  are  thencefor- 
ward associated  in  all  younger  formations  with  true  osseous  fishes 
and  lacertian  reptiles,  the  remains  of  which  are  found  intermixed 
with  the  other  exuvi«  of  the  sea. 

Putting  aside  theory,  therefore,  and  judging  solely  from  very 
numerous  and  extensive  observations,  we  may  still  fairly  infer,  first, 
that  during  very  long  epochs  the  seas  were  unoccupied  by  fishes ; 
secondly,  that  the  earliest  discoverable  creatures  of  this  class  had 
very  rarely  an  internal  vertebral  osseous  column ;  and  thirdly,  that 
in  the  succeeding  period,  the  fishes  having  bony  vertebrae,  appearing 
in  greater  numbers,  became  abundant  in  the  overlying  deposits. 
Do  not  these  absolute  data  of  the  geologist,  resulting  as  they  do 
from  the  most  minute  as  well  as  the  most  general  researches, 
afford  clear  signs,  in  this  respect,  of  a  progress  in  creation? 

In  the  Silurian  era,  as  will  presently  be  insisted  on,  there  are 
countless  proofs  of  shores,  and  yet  not  a  trace  of  a  land-plant  washed 
from  the  adjacent  lands  until  we  reach  the  uppermost  limits  of  the 
system.  The  signs  of  terrestrial  produce,  augmenting  in  the  Devo- 
nian epoch,  become  abundant  in  the  Carboniferous  period,  as  marked 
by  the  first  copious  and  terrestrial  flora.  This  earliest  luxuriant 
tree-vegetation,  the  pabulum  of  our  coal-fields,  is  also  specially  re- 
markable for  its  spread  over  many  latitudes  and  longitudes ;  and 
together  with  it  occur  the  same  common  species  of  marine  shells,  all 
indicating  a  more  or  less  equable  climate  from  polar  to  intertropical 

•  For  the  first  mention  of  footprints  of  a  reptile  larger  than  the  Telerpeton  in  these 
rocksj  sec  Briekcndeu,  Quart.  Joum.  Qeol.  Soc.  vol.  viii.  p.  37.  pi.  3. 
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regions, — a  phenomeuon  wholly  at  variance  with  the  present  dis- 
tribution of  animal  and  vegetable  life  over  the  surface  of  the  planet. 
And  with  the  earliest  profuse  land- vegetation,  large  reptiles,  which 
first  appear  in  the  Upper  Devonian,  augment  in  numbers,  and  add 
to  the  proofs  of  a  rise  in  creation. 

Lastly,  while  the  Permian  era  was  distinguished  by  the  disap- 
pearance of  the  greater  number  of  the  primeval  types,  and  by  essen- 
tial modifications  of  those  which  remained,  it  still  bore  a  strong 
resemblance,  through  the  genera  of  its  plants  and  animals,  to  the 
Carboniferous  period;  whilst,  in  unison  with  all  the  great  facts 
elicited  by  our  survey  of  the  older  strata,  it  was  typified  by  the 
appearance  of  an  animal  of  a  higher  grade  than  any  one  in  the 
foregone  eras — the  Protorosaurus,  a  large  thecodont  reptile,  allied 
(according  to  Owen)  to  the  living  Monitor. 

In  speaking  of  the  Silurian,  Devonian,  Carboniferous,  and  Perm- 
ian rocks,  let  me  however  repeat,  that,  wlulst  each  of  the  three 
latter  groups  occupies  wide  spaces  in  certain  regions,  no  one  of  them, 
except  the  Carboniferous,  approaches  to  the  value  of  the  Silurian, 
in  representing  time,  or  the  succession  of  animal  life  in  the  crust  of 
the  globe.  When  the  Silurian  system  was  divided  into  lower  and 
upper  parts,  our  acquaintance  with  younger  formations  merely  suf- 
ficed to  show  a  complete  distinction  between  its  fauna  and  that  of 
the  Carboniferous  rocks,  firom  which  it  is  separated  by  the  thick 
accumulations  of  the  Old  Bed  Sandstone.  At  that  period,  the 
shelly,  slaty  rocks  of  Devonshire  were  not  known  to  be  the  equiva- 
lents of  such  Old  Bed  Sandstone ;  still  less  had  the  relations  and 
fossil  contents  of  all  the  strata  now  called  Permian  been  ascer- 
tained. Judging  firom  the  fossils  then  collected,  it  was  stated  by 
me  that  the  Lower  Silurian  contained  oi^anic  remains  very  distinct 
from  those  of  the  Upper  Silurian ;  and  yet  I  united  the  two  groups 
in  a  system,  because  they  were  characterized  throughout  by  a  com- 
mon fades.  This  so-called  system  was,  in  short,  characterized 
by  a  profusion  of  Trilobites  and  Graptolites,  with  Orthides  and 
Pentameri  of  a  type  wholly  unknown  in  the  Carboniferous  rocks : 
and,  whilst  fishes  were  seen  to  exist  in  the  intermediate  masses  of 
Old  Bed  Sandstone,  no  traces  of  them  could  be  detected  below  the 
very  uppermost  zone  of  the  Silurian  rocks.  A  quarter  of  a  century 
has  elapsed,  aud,  after  the  most  vigilant  and  detailed  researches  in 
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various  regionB  of  both  hemiBpheres^  these  great  features  remain 
the  same  as  when  first  indicated.  The  labours^  however,  of  those 
who  followed  me  have  infinitely  more  sustained  the  unity  of  that 
system* ;  for  its  lower  and  upper  divisions  are  now  proved  to  be 
connected,  not  only  by  such  generic  types  and  analogous  forms, 
but,  further,  by  the  community  of  a  very  considerable  number  of 
identical  bodies. 

Let  me  here,  therefore,  and  before  the  superior  formations  are 
further  spoken  of,  recall  attention  to  the  fourteenth  and  fifteenth 
chapters,  on  Scandinavia,  Russia,  and  Grermany,  in  which  it  has 
been  shown,  on  the  authorities  of  de  VemeuD,  von  Keyserling, 
Barrande,  Kjerulf,  Schmidt,  and  others,  that  the  Lower  and  Upper 
Silurian  rocks  of  those  ooimtries  constitute  one  natural  system. 
On  this  head  I  beg  further  to  explain  by  citing  my  own  words, 
as  used  at  the  conclusion  of  a  memoir  on  this  subject,  read  last 
year  before  the  Geological  Society  of  London  t : — 

"  In  the  opening  pages  of  this  memoir  a  running  comparison  was 
instituted  between  the  different  subformations  which  constitute  the 
Silurian  basin  of  Christiauia  in  Norway  and  their  British  equivalents ; 
and,  considering  the  distance  of  the  Norwegian  tract  from  our  own 
country,  the  coincidence  in  the  succession  of  fossils  is  truly  remarkable. 

"  The  point,  however,  of  the  labours  of  M.  Kjerulf  to  which  I  now 
particularly  recall  attention,  is  that  ia  the  very  lowest  fossiliferous 
zone  (the  alum-slates  of  Norway)  the  types  of  Trilobites  (Olenus  and 
Agnostus)  which  were  supposed  by  some  authors  to  be  confined  to  that 
zone  are  united  with  the  Orthis  calligramma  and  the  Didymograpsus 
geminus,  species  known  to  occur  in  unquestionable  Lower  Silurian 
British  rocks.  Auy  one  of  the  published  sections  across  the  western 
parts  of  Shropshire,  ».  e.  from  the  Longmynd  over  the  Stiper  Stones, 
shows  what  the  parallel  order  is  in  Britain  J. 

"  Having  for  the  last  twenty-four  years  considered  and  described  the 
Stiper  Stones  as  the  true  physical  base  of  the  Silurian  series  of  strata,  it 

*  See  the  works  of  John  Phillipe,  E.  de  nilf,  and  of  the  Baltic  Provinoes  of  Russia, 
Vemeuil,  Edward  Forbes,  JoacMm  Bar-  by  Professor  Schmidt,  compared  with  their 
rande,  James  De  0.  Sowerby,  James  Hall,  British  equivalents ; "  Quart.  Journ.  Geol. 
J.  W.  Salter,  D.  Sharpe,  T.  Davidson,  and  Soc.  vol.  xiv.  p.  36  (1857).  Since  that  pub- 
John  Morris.  The  most  recent  researches  lication,  and  as  those  last  lines  are  print- 
in  Britain  give  the  large  number  of  nearly  ing,  I  have  received  Professor  Schmidt's 
100  species  of  fossils  common  to  the  Lower  published  work,  for  which  consult  the 
and  Upper  Silurian.  (See  also  the  Pre-  Appendix  (I), 
face,  and  the  Table  in  Appendix  A.)  X  ^^  ^^  *  Silurian  System,'  pi.  32.  f.  1, 

t  See  the  memoir ''on  the  Silurian  Bocks  &c.,  and   'Siluria,'  Ist  edition,  diagram, 

and  Fossils  of  Norway,  by  Thcodor  Kjc-  p.  29. 
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has  been  satisfactory  to  me  to  detect  recently,  in  the  black  schists  asso- 
ciated with  the  siliceous  flagstones  of  that  ridge,  additional  fossils  which 
so  intimately  connect  them  with  the  Llandeilo  formation,  that  the  addi- 
tional evidence  in  the  new  edition  of  *  Siluria '  (see  Chapter  3)  will, 
I  believe,  be  conclusive  as  to  the  natural  base  of  the  British  Silurian 
rocks;  for  neither  in  Shropshire  nor  in  Norway  can  we  draw  a  line 
of  physical  or  zoological  demarcation  between  these  basement-strata, 
whether  termed  Lingula  Flags,  Stiper  Stones,  or  Alum  Slates,  and  those 
overlying  schists  into  which  they  graduate,  and  of  which  they  form  an 
integral  part.  This  union  is  indeed  particularly  well  marked  in  Scan- 
dinavia, where  the  alum-slates  are  simply  a  mass  of  black  schist,  which 
is  no  more  capable  of  separation  from  the  overlying  beds  of  similar 
characters  than  one  bed  of  the  Lower  Lias  or  any  other  secondary  shaly 
subformation  is  from  another*  (pp.  368  et  seq.). 

"  Seeing  the  dissimilarity  of  forms  which  prevails  throughout  the 
Silurian  series  of  Bohemia,  as  described  by  M.  Barrande,  when  we  look 
to  the  distinction  between  the  fossils  of  each  of  the  subdivisions,  and 
especially  when  we  compare  such  subdivisions  with  their  acknowledged 
equivalents  in  the  northern  Silurian  zone  now  under  consideration,  it 
seems  to  me  to  be  impossible  to  establish  a  new  classification  of  the 
Lower  Paleozoic  rocks  by  eliminating  the  *  Zone  Primordiale '  of  that 
distinguished  author  from  the  natural-history  system  in  which  he  has 
himself  placed  it.  Li  Bohemia  the  *  Zone  Primordiale '  is  as  integral  a 
part  of  the  Silurian  basin  so  called,  as  the  Stiper  Stones  were  in  my 
original  classification.  K I  am  not  justified  in  referring  to  my  sections 
and  memoirs  of  the  years  1833  and  1834,  when  I  classed  the  Stiper  Stones 
with  the  overlying  deposits,  I  am  at  all  events  entitled  to  adhere  to  that 
view,  now  that  M.  Barrande  also  unites  his  *  Zone  Primordiale '  with 
the  overlying  strata,  and  since,  fully  aware  of  the  distinction  between 
its  fossils  and  those  which  succeeded  it  in  Bohemia,  this  eminent  geo- 
logist continues  to  classify  it  with  the  Silurian  system. 

'*  We  all  know  how,  in  those  secondary  and  tertiary  rocks  which  have 
been  most  examined,  there  is  often  a  marked  discrepancy  in  the  fossils 
of  each  succeeding  stratiun,  so  long  as  toe  examine  a  limited  area  only, 
and  how  such  sharp  separation  and  isolation  of  the  former  inhabit- 
ants of  the  seas  vanish  when  the  same  strata  are  followed  over  great 
distances.  So  is  it  when,  quitting  our  insular  area  and  extending  our 
researches  to  Norway,  we  find  strata  of  black  schist,  mineralogically 

*  M.  do  Vemeuil  has  rooently  discovered  these    trilobite-slates,  and  supposed  by 

at  St.  L^nhard  (Department  of  LaSarthe,  M.  Marie  Boualt  to  be  ichthyoUtes,  have 

S.W.of  France)  that  siliceous  beds,  charged  not  the  least  relation  to  vertebrata,  or  any- 

with  LingulsB,  there  also  underlie  trilobitic  thing  of  liigher  order  than  Fucoids  pos- 

slates  of  Llandeilo  age,  and  constitute,  as  siblj.     See  Appendix  Q-,  and  Comptes 

in  Norway,  Britain,  and  Canada,  the  actual  Bendus  de  T  Acad.  vol.  zlyii.  p.  469. — 

base  of  the  fossiliferous  Lower  Silurian  Nov.  1,  1858. 
rocks.    The  ensiform  bodies  occurring  in 
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resembling  the  Lingula-flags  or  the  schists  of  the  Stiper  Stones,  and 
occupying  the  same  place  in  the  geological  series,  to  be  charged  with 
some  of  the  organic  remains  which  in  Britain  are  peculiar  to  that  band, 
mixed  up  with  species  which  are  known  in  our  own  Llandeilo  rocks. 
Again,  we  observe  that,  as  in  the  Stiper  Stones  of  Shropshire,  there  is 
in  Norway  a  vast  underlying  series  of  slates  and  quartzose  rocks  like 
those  of  the  Longmynd ;  so  also  are  the  beds  into  which  the  alum-schists 
pass  upuHxrds  laden  with  many  species  of  fossils  which  are  with  us  in  the 
Lower  Silurian  rocks  of  Llandeilo  age. 

"  The  attempt  to  separate  the  alum-schists  of  Scandinavia  from  the 
overlying  beds  with  which  they  are  united  in  numerous  natural  escarp- 
ments is  indeed  forbidden  on  stratigraphical,  lithological,  and  zoological 
grounds ;  and  as  Linnseus  and  every  subsequent  explorer  of  Scandinavia 
have  connected  them,  so  I  confide  in  the  belief  that  they  constitute,  by 
their  organic  remains,  the  best  base  we  have  been  able  to  trace  of  that 
which  I  call  Silurian  life. 

''In  comparing  the  Silurian  rocks  of  Scandinavia  and  Bussia  with 
those  of  Britain,  there  is  no  feature  by  which  the  whole  system  is  seen 
to  be  better  characterized  in  those  countries  than  by  containing  in  its 
central  part  a  formation  distinguished  from  the  rocks  above  and  below 
it  by  certain  species,  of  Fentameii,  of  which  the  Fentamerus  oblongus 
and  the  P.  lens  are  the  prevailing  types. 

"  Having  satisfied  myself,  in  my  own  country,  that  the  lower  portion 
of  this  formation  is  (as  I  always  maintained)  related  by  its  organic 
remains  to  the  Caradoc  formation,  and  that  the  upper  part  of  it  is 
charged  with  a  number  of  shells  of  the  Wenlock  age  (though  still  inter- 
mixed with  the  peculiar  Fentameri  and  a  few  Lower  Silurian  fossils),  I 
have  deemed  it  right  to  assign  to  the  deposit  a  separate  and  intermediate 
place  in  the  table  of  Silurian  strata. 

"  I  have  named  this  formation  *  Llandovery  rocks,'  reverting  to  that 
tract  of  South  Wales  which  was  originally  described  in  detail,  and  where 
both  the  lower  and  upper  members  of  the  group,  and  their  relations  to 
the  underlying  and  superjacent  rocks,  are  clearly  exhibited. 

"  It  is  the  upper  member  only  of  these  Pentamerus-rocks  which  is 
exhibited  at  May  Hill,  on  the  west  flank  of  the  Malvems,  and  also  in 
the  typical  Siliurian  tracts  of  Shropshire,  Herefordshire,  and  Badnor- 
shire.    This  upper  band  only  is  the  May  Hill  Sandstone*. 

"  In  parts  of  South  Wales,  where  both  members  of  the  Llandovery 
rocks  exist,  there  is  usually,  indeed  (but  in  my  opinion  not  always),  a 
transgression  between  them,  as  traced  by  Professor  Bamsay  and  Mr. 
Aveline, — ^the  lower  member  constituting  over  large  areas  the  regular 

•  See  Froc.  QeoL  Soc.  vol.  ii  p.  13 ;  SiL  Syst.  p.  442.  pi.  36.  f  13  ;  Sedgwick  and 
M'Coy,  Quart.  Journ.  6^1  Soe.  yoI.  ix.  p.  215 ;  and  PhU.  Mag.  4th  ser.  vol.  viii. 
p.  301,  &c. 
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capping  of  the  Caradoc  op  Bala  formation,  the  upper  or  May  Hill  rock 
appearing  to  be  usually  the  symmetrical  base  (as  in  Siluria  proper)  of 
the  Upper  Silurian  group.  As,  however,  the  same  species  of  PentameniB, 
Atrypa,  and  Petraia,  &c.,  occur  in  both  these  divisions,  I  am  induced  by 
this  community  of  type,  and  by  the  opinion  of  Mr.  Salter,  to  consider 
the  two  bands  as  forming  one  natural-history  province  which  connects 
the  fauna  of  the  Lower  and  Upper  Silurian  groups.  Now,  if  we  refer 
to  certain  other  regions,  the  truthfulness  of  this  view  is  strikingly  con- 
firmed, since  in  them  we  can  detect  no  such  transgression  or  hiatus  as 
occurs  in  Wales  and  the  border-counties  of  England. 

"Even  in  the  neighbourhood  of  Girvan,  in  Scotland,  fossiUferous 
Lower  Silurian  rocks  of  the  Caradoc  age  seem  to  graduate  upwards 
conformably  into  the  Fentamerus-zone  in  question,  containing  not  only 
the  P.  oblongus  in  profusion,  but  also  the  Atrypa  hemisphsBrica,  with 
the  Phacops  Stokesii  of  the  Wenlock  limestone,  and  thus  leaving  no 
doubt  that  we  have  there  reached,  as  I  formerly  showed,  the  base  of  the 
Upper  Silurian  rocks*.  Li  Norway,  however,  where  the  area  under 
consideration  is  much  smallerf,  and  where  all  the  Silurian  strata  are 
[united  and]  clearly  exposed  in  numerous  convolutions  in  islets  of  the 
Bay  of  Christiania,  there  is,  independently  of  all  breaks  caused  by  the 
intrusion  of  igneous  rocks,  a  perfectly  conformable  succession  from  the 
Lower  to  the  Upper  Silurian  J.  There,  as  in  Bsthonia,  the  Pentamerus- 
zone  is  simply  the  central  link  of  an  unbroken  Silurian  chain, — so  local 
is  the  physical  disturbance  in  the  Welsh  region  seen  to  be,  when  the 
whole  surface  of  Northern  Europe  is  explored. 

"Whilst  the  Norwegian  and  Swedish  sections  are  so  valuable  in 
showing  the  base  of  the  System,  the  Esthonian  order  of  the  fossiliferous 
strata  is  highly  instructive  in  demonstrating  the  accordance  of  the  Upper 
Silurian  rocks  with  our  own.  The  observations  of  M.  Fr.  Schmidt 
are,  indeed,  most  valuable  in  placing  before  us,  for  the  first  time,  a  com- 
plete exposition  of  all  the  natural  subdivisions  of  the  Silurian  series  of 
BO  large  a  part  of  European  Bussia.  In  Esthonia,  the  approximation  to 
the  British  succession,  from  the  Llandeilo  formation  to  the  summit  of 
the  Upper  Silurian,  is  very  remarkable.  Just  as  in  Norway,  England, 
and  America,  so  in  Esthonia  the  transition-zone  from  the  Lower  to 
the  Upper  Silurian  is  the  deposit  laden  with  Pentameri,  to  which  the 
name  of  Llandovery  rocks  has  been  assigned,  because  it  was  long  ago 
described  by  me  at  and  around  the  town  of  Llandovery  in  South  Wales. 
Whilst  the  Wenlock  fauna  is  quite  recognizable  in  Esthonia,  as  in 
Norway,  the  fossils  of  the  highest  zone  of  the  former  country,  induding 

•  Quart.Joiirn.(Jeol.Soc.vol.viLp.l49.        %  See  the  diagram-section  across  the 
t  An  accidental  erratum  occurs  m  the    Territory  of  Christiania,   Quart.  Joum. 

letter-press  of  the  Quart.  Joum.  Oeol.  Soc.     QeoL  Soc.  yoL  viii.  p.  182. 

vol.  xiv.  p.  51  '.—for  "  much  larger"  read 

"  much  smaller." 
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many  large  crusiaceaiiB  (EuryptericUe),  with  Lingula  cornea  and  Trochus 
helicites,  are  strikingly  characteristic  of  the  Ludlow  rocks. 

"  Such  agreement  between  those  remote  foreign  rocks  and  our  strata 
of  the  same  age  is  the  more  remarkable,  when  we  consider  the  diiFerence 
in  thickness  and  the  simplicity  of  lithological  characters  of  the  deposits 
in  these  northern  countries,  as  compared  with  the  vastly  extended 
British  types.  The  thousands  of  feet  of  diversified  British  Silurian 
rocks,  whether  slates,  schists,  shales,  conglomerates,  sandstones,  quartz- 
rocks,  limestones,  mudstones,  with  vast  sheets  of  interstratiiied  igneous 
rocks,  are  represented  in  the  Baltic  provinces  of  Bussia  by  little  more 
than  one  lithological  character  only.  There,  they  are  aU  closely  united 
calcareous  masses,  any  one  of  which  has  so  great  a  resemblance  to 
another,  that,  without  the  aid  of  Paleontology,  they  could  never  be  sepa- 
rated or  distinguished.  The  united  Lower  and  Upper  SUurian  constitute, 
in  fact,  to  use  the  language  of  Count  Keyserling,  *  but  a  single  volume 
of  limestone  of  small  capacity  and  thickness,  capable  of  division  into 
leaves  by  that  person  only  who  is  acquainted  with  their  included  fossils ;' 
the  whole  series  not  exceeding  2000  feet,  and  all  the  strata  graduating 
into  each  other  by  conformity  of  deposition. 

''The  interest,  however,  which  attaches  to  the  fiiU  illustration  of 
these  Northern  European  types  of  the  oldest  known  fossiliferous  rocks, 
does  not  terminate  with  the  precise  comparison  between  them  and  the 
British  contemporary  formations*. 

"  The  same  species,  even,  are  found  to  prevail  fisff  to  the  westward  in 
northern  latitudes.  Small  as  are  the  deposits,  in  vertical  dimensions, 
both  of  Scandinavia  and  Bussia,  the  very  same  succession  of  life  which 
they  offer  is  found  to  be  persistent  from  those  countries  across  the 
British  Isles  to  the  heart  of  North  America.  The  vastly  extended 
Lower  Silurian  rocks  of  the  United  States  and  Canada,  and  the  enor- 
mously spread  Upper  Silurian  of  the  Arctic  Eegions,  are,  like  those  of 
our  own  country,  the  absolute  historical  equivalents  in  time  of  the  thin 
and  simple  series  described  on  this  occasion,  and  exhibit  a  vast  number 
of  forms  specifically  identical  with  those  I  have  enumerated. 

"  Other  species,  however,  of  Silurian  typical  genera  prevail  through- 
out the  southern  region  of  Europef.  Already  we  know  that  the  Silurian 
rocks  of  France  and  Spain,  as  illustrated  and  compared  by  my  distin- 
guished associate,  de  Vemeuil,  have,  however,  many  specific  equivalents 
in  the  Lower  Silurian  rocks  of  that  Bohemian  basin  which  has  been 
rendered  classic  through  the  works  of  M.  Barrande. 

"  Count  Keyserling  further  recalls  my  attention  to  the  fact,  that  the 

*  It  is  true,  that  in  Russia  there  are  t  With  additional  researches,  may  not 

fewer  British  species  than  in  Sweden  and  this  Silurian  type  of  Southern  Europe  and 

Norway,  but  this  is  just  what  we  might  Siberia  be  found  to  have  its  equivalents  in 

expect  from  the  relative  distances  of  those  the  central  and  southern  parts  of  Ame- 

lands  from  our  own  country.  rica  ? 
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Ural  Mountains  and  Siberia  fall  into  the  same  .category.  This  com- 
parison, which  was  to  some  extent  shadowed  forth  in  the  work  *  Bussia 
and  the  Ural  Mountains,'  published  in  1845,  has  been  strikingly  con- 
firmed by  the  researches  of  M.  Grunewaldt  into  the  characters  of  the 
fossils  of  the  eastern  flank  of  the  Ural  Mountains  near  Bogodofsk  (lat. 
61°).  Again,  M.  Hoffmann  concludes  his  Siberian  work  in  terms  which 
show,  that  the  parallel  was  suggested  eleven  years  ago  by  Keyserling, 
as  a  result  of  his  researches  and  comparisons  in  the  Northern  Ural. 
In  short,  my  coadjutor  long  ago  directed  notice  to  the  fact,  that,  both 
in  paleontological  contents  and  lithological  characters,  the  Silurian  rocks 
on  the  eastern  side  of  the  Ural  Mountains  were  dissimilar  to  those  of 
European  Bussia  and  Scandinavia.  Metamorphism  alone,  he  always 
contended,  could  not  explain  this  essential  difference.  The  conditions 
of  life,  he  added,  had  been  one  thing  in  the  seas  that  occupied  the 
Siberian  area,  and  another  in  the  waters  which  covered  the  low  coun- 
tries of  western  and  southern  Europe  during  the  Silurian  epoch. 

''  Since  that  time,  this  distinction  of  the  varying  faunas  in  contem- 
poraneously formed  basins,  separated  from  each  other  during  the  older 
paleozoic  period,  has  been  abundantly  developed  by  M.  Barrande,  who 
has  well  shown  the  specific  distinctions  between  the  animals  which  in- 
habited respectively  the  regions  of  Bohemia  and  Scandinavia  during  the 
Silurian  era.  It  is  to  the  similarity,  on  the  contrary,  of  the  organic 
remains  in  the  northern  zone  of  Silurian  rocks,  which  extends  over  so 
vast  a  space,  that  attention  has  been  mainly  directed  on  this  occasion. 

"  Finally,  let  me  state,  that  another  chief  object  I  have  had,  in  bring- 
ing together  the  observations  of  Count  Keyserling,  Professor  Schmidt, 
and  M.  Kjerulf,  with  comparisons  of  my  own,  is  to  demonstrate  that  ia 
Scandinavia,  as  in  Bussia  in  Europe,  Silurian  rocks,  both  Lower  and 
Upper,  and  copiously  charged  with  characteristic  organic  remains,  form 
a  united  and  unbroken  whole ;  and  that,  whether  viewed  paleontolo- 
gically  or  geologically,  they  exhibit  throughout  those  northern  European 
regions,  and  in  a  very  small  compass,  a  natural-history  system  quite  as 
complete,  and  more  easily  understood,  than  their  much  more  expanded, 
highly  varied,  and  dislocated  equivalents  in  the  British  Isles." 

In  a  broad  classification  of  primeval  life,  one  late  eminent  natu- 
ralist"^ considered  that  the  Silurian  rocks  constitute  the  Lower 
Paleozoic, — ^the  Devonian,  Carboniferous,  and  Permian  rocks  the 
Upper  Paleozoic.  But,  whether  this  ancient  series  be  divided  into, 
double  or  triple  classes,  some  paleontologists  preferring  to  hold  the 
Devonian  as  a  separate  and  intermediate  type, — the  Lower  and 
Upper  Silurian  rocks  constituting  truly  an  older  natural  system. 


•  Edward  Forbes. 
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just  as  the  Carboniferous  and  Permian  deposits  form  a  younger  one^ 
—the  result  of  the  researches  of  the  numerous  authors  appealed  to 
in  this  volume  has  unquestionably  justified  the  application  of  the 
term  "  system  "  to  the  Silurian  rocks. 

At  the  close  of  the  Eermian  or  supra-Carboniferous  era^  an  infi- 
nitely greater  change  took  place  in  organic  life  than  that  which 
marked  the  ascent  firom  the  Silurian  system  to  the  overlying  paleo- 
zoic groups.  All  the  species  of  the  earlier  races  then  disappeared^ 
and  were  replaced  in  the  Trias  by  an  entirely  new  series^  the  types 
of  which  were  continued  through  those  long  epochs  which  geologists 
term  secondary  or  mesozoic  (the  medieval  age  of  extinct  beings). 
In  these^  again^  the  reader  will  leam^  by  consulting  the  works  of 
many  writers^  how  one  formation  followed  another^  each  charac- 
terized by  different  creatures ;  many  of  them^  however^  exhibiting 
near  their  downward  and  upward  limits  certain  fossils  which  link 
one  reign  of  life  on  to  another. 

Whilst  it  is  beside  my  present  aim  to  enter  upon  descriptions  of 
such  Secondary  deposits^  still  less  of  those  called  Tertiary^  which 
intervened  between  the  Secondary  rocks  and  the  sediments  of  the 
present  day,  we  may  still  cast  a  glance  over  the  general  order 
admitted  by  geologists,  to  see  how  it  harmonizes  with  what  has 
been  related  of  the  succession  of  animals  belonging  to  the  older 
rocks,  as  indicating  a  progression  firom  lower  to  higher  grades  of 
life. 

Let  me  then  again  remind  the  reader,  that  he  has  been  presented 
in  this  volume  with  clear  proofs  that  an  immensely  long  period 
elapsed,  during  which,  with  countless  remains  of  aU  other  inhabitants 
of  the  sea,  no  trace  of  a  fish  has  been  discovered,  to  represent  the 
prototype  of  that  vertebrate  succession  which  terminated  in  Man. 
Next,  he  will  have  noted,  that  after  fishes  first  appeared,  long  ages 
elapsed — those,  in  fact,  which  count  firom  the  Upper  Silurian  to 
the  Middle  Devonian,  inclusive — ^before  a  reptile  was  added  to 
the  inhabitants  of  that  epoch ;  and  then,  we  have  seen,  that,  not- 
withstanding the  demonstration  of  the  firequent  submergences  of 
enormous  breadths  of  land,  which  were  clothed  with  a  rich  and 
copious  vegetation  on  which  insects  fed,  no  sign  whatever  has  been 
met  with,  in  the  spoils  of  these  well-explored  Carboniferous  and 
Permian  domains,  that  they  were  inhabited  by  a  single  mammal  I 

2l 
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ProceediDg  upwards  into  the  Secondary  strata,  the  earliest  traces 
of  mammalia  are  first  detected  in  the  upper  part  of  the  Trias,  or 
the  Keuper  Sandstone  of  Wirtembeig,  which  covers  the  Muschel- 
kalk,  and  lies  at  the  base  of  the  Lias.  In  that  deposit  the  relics  of 
a  solitary,  small  marsupial  mammal  have  been  exhumed,  which  its 
discoverer,  Plieninger,  has  named  Microlestes  antiquus.  *  Again, 
Dr.  Ebenezer  Emmons,  the  well-known  geologist,  of  Albany,  in  the 
United  States,  has  described,  from  the  lower  beds  of  the  Chatham 
Secondary  Coal-field,  North  Carolina  (of  the  same  age  as  those  of 
Virginia,  and  probably  of  the  Wirtemberg  Keuper*),  the  jaws  of 
another  minute  mammal,  which  he  calls  Dromotherium  sylvestre. 
Lastly,  while  I  write,  Mr.  C.  Moore  has  detected,  in  an  agglome- 
rate which  fills  the  fissures  of  the  Carboniferous  limestone,  near 
Frome,  Somersetshire,  the  teeth  of  marsupial  mammals,  one  of 
which  he  considers  to  be  closely  related  to  the  Microlestes  antiquus 
of  Germany,  and  Professor  Owen  confirms  the  fact.  From  that 
coincidence,  and  also  from  the  association  with  other  animal  re- 
mains— ^the  Placodus  (a  reptile  of  the  Muschelkalk),  and  certain 
mollusca,  Mr.  Moore  believes  that  these  patches  represent  the 
Keuper  of  Germany.  If  this  view  should  be  sustained,  this  author, 
who  has  already  made  remarkable  additions  to  our  acqiuuntance 
with  the  organic  remains  of  the  Oolitic  rocks  and  the  Lias,  will 
have  had  the  merit  of  having  discovered  the  first  traces  of  mam- 
malia in  any  British  stratum  below  the  Stonesfield  Slate. 

Ascending,  then,  from  the  Keuper  or  summit  of  the  Trias,  we  have 
to  traverse  the  whole  of  the  Lias  and  the  Lower  Oolites  or  Jurassic 
formations,  which  are  charged,  at  intervals,  with  many  terrestrial 
vegetable  remains  and  highly  organized  Saurians  and  Batrachians, 
generically  unlike  the  lizards  which  preceded  them,  before  we  find 
another  trace  of  mammalian  life.  Insects,  which,  as  has  been  shown, 
first  appeared  in  the  era  of  the  earliest  great  forests  (Carboniferous), 
became  more  abundant  in  these  Secondary  rocks,  and  with  these  are 
found  the  bones  of  that  oldest  known  large-winged  (iosectivorous?) 

*  I  cannot  admit,  wifch  my  esteemed  con-  molluscs,  now  known  in  other  parts  of 

temporary,  Dr.  Ebenezer  Emmons,  that  North  America  (see  p.  470),  inTalioates  his 

the  beds  in  which  the  small  mammal  he  yiew  ;  and  I  hare  jet  to  leam  that  Sir 

describes  were  entombed,  can  be  referred  C.  L^ell  or  any  American  geologist  would 

to   the  Permian  group,  or  close  of  the  consider  the  beds  in  question  to  be  older 

Paleozoic  era.    The  absence  of  Permian  than  the  Keuper  of  G^ermany. 
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reptile,  the  Pterodactyle.  Still,  surroanded  as  we  are  in  these 
strata  by  plants,  insects,  and  many  reptiles,  we  have  to  journey 
through  several  of  these  Secondary  deposits  before  we  obtain  any 
other  evidence  of  the  existence  of  mammalia  than  the  jaws  of 
another  small  marsupial,  the  Didelphys  Bucklandi  (Broderip)  of 
the  Stonesfield  Oolite*,  and  its  (possibly  placental)  little  com- 
panion, the  Phascolotherium  of  Owen, 

Passing  upwards  through  the  superior  Oolitic  deposits,  and  rising 
considerably  in  the  scale  of  formations, — when,  in  short,  we  are 
about  to  take  leave  of  the  Oolitic  or  Jurassic  group  (after  forty 
years  of  examination),  and  are  entering  into  the  mass  of  the  great 
estuarine  formation,  the  Wealden,  and  approaching  the  base  of  the 
Cretaceous  rocks,  then  it  is,  as  might  have  been  anticipated,  that 
geologists  have  recently  discovered  proofe  of  the  existence  of  many 
more  mammalia  than  have  been  detected  in  any  of  the  lower 
Secondary  deposits.  Through  researches  which  began  under  the 
direction  of  Edward  Forbes,  and  which  in  the  last  two  years  have 
unfolded  great  fossil  wealth  to  the  able  and  persevering  labours  of 
Mr.  Beckles,  a  perfect  mine  of  highly  organized  small  mammalia 
has  been  opened  out.  Though  it  is  not  in  my  power  to  enter 
into  details  illustrative  of  the  characters  of  these  curious  little 
animalsf,  which  will  shortly  be  thoroughly  described  by  our  great 
authority,  Owen,  I  may  refer  the  reader  to  a  lucid  memoir  by  Dr. 
Falconer,  in  which,  besides  a  description  of  his  Plagiaulax  Becklesii 
and  P.  minor,  referred  by  him  to  herbivorous  or  firugivorous  species 
of  marsupials,  such  as  the  Hypsiprymnus  Graimardi  j:,  he  announces 
that  the  three  Purbeck  genera  known  up  to  that  time  were  the 
Spalacotherium  and  Triconodon,  Owen,  and  the  Plagiaulax,  Fal- 
coner. He  further  believes  in  the  existence  of  "  at  least  seven  or 
eight  genera  of  mammalia,  some  of  them  unquestionably  Marsu- 
pialia,  both  predaceous  and  herbivorous,  and  others  of  them,^'  he 

*  It  was  in  the  year  1827  that  the  Di-  T^codout  Saurian,  to  which  he  has  ap- 

delphys  Buckhmdi  was  described  hj  that  plied  the  designation  of  Saunechtunodon, 

sound  naturalist,  my  friend  Mr.  W.  iBrode-  an  account  of  which,  by  him,  will  appear 

rip  (Zoological  Journal,  yoI.  iii.  p.  408).  hereafter.     We  thus  learn  that  the  mere 

t  One  of  these  little  creatures  is  stated  presence  of  a  Thecodont  Saiurian  is  no 

by  Dr.  Falconer  to  be  of  about  the  size  proof  of  the  age  of  a  deposit,  since  re- 

of  the  Pigmy  Flying  Opossum.    I  am  mains   of  this  family  of  reptiles   range 

further  informed  by  Dr.  Falconer,  that  he  from  the  Permian  to  the  termination  of 

found  among  the  Purbeck  fossils,  collected  the  Oolitic  series. 
by  Mr.  Beckles,  abundant  remains  of  a        {  Quart.  Joum.  Geol.  Soc.  1857,  p.  261. 
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says,  "  conveying  to  my  mind  the  impression,  so  far  as  the  evidence 
goes,  that  they  belong  to  the  Placental  Insectivora,  having  affinities 
more  or  less  remote  to  existing  types*/' 

Willingly  granting  to  my  eminent  friend  Sir  C.  Lyell  all  due 
credit  for  having  anticipated  the  speedy  adventf  of  the  mammals 
which  have  since  been  disinterred  by  Mr.  Beckles,  I  miist  be  per- 
mitted to  say,  that,  in  my  opinion,  this  discovery  does  not  in  any 
way  invalidate  the  general  inference  of  an  advance  in  creation,  as 
based  upon  the  broad  data  here  reiterated  as  in  my  former  works, 
and  derived  from  observation  in  many  parts  of  the  world. 

Let  me  entreat  the  reader  not  to  be  led,  by  the  reasoning  of  the 
ablest  physiologist,  or  by  an  appeal  to  minute  structural  affinities, 
to  impugn  the  clear  and  broad  facts  of  a  succession  from  lower  to 
higher  grades  of  life  in  each  formation.  Let  no  one  imagine  that, 
because  the  bony  characters  in  the  jaw  and  teeth  of  the  Plagiaulax 
of  the  Purbeck  strata  are  ''  such  as  the  comparative  anatomist  might 
have  expected  to  find  among  existing  marsupials,^'  and  that  the 
animal  is  therefore  far  removed  from  its  embryonic  archetype,  such 
an  argument  disturbs  the  order  of  succession  of  classes  as  seen  in 
the  crust  of  the  earth. 

Leaving  the  true  physiological  doctrine  to  be  worked  out  by 
others,  I  repeat,  that  the  Purbeck  discoveries  are  in  accordance 
with  the  views  of  those  geologists  who  cannot  avoid  recognizing 
distinct  proofs,  on  the  great  scale,  of  a  series  of  acts  of  creative 
power  in  the  successive  appearance  of  each  great  class  of  animals. 
The  reader  must  therefore  recollect,  that,  whilst  the  most  laborious 
endeavours  during  the  last  quarter  of  a  century  have  failed  in  de- 
tecting the  trace  of  a  mammal  in  the  earlier  formations  treated  of 
in  this  volume,  the  Purbeck  strata,  in  which  the  remains  of  minute 
creatures  of  that  class  are  first  found  in  abundance,  are  as  modem 
in  the  eyes  of  a  paleozoic  inquirer,  as  they  are  venerable  in  the 
estimation  of  the  geologist  whose  studies  of  the  earth's  crust  have 
been  mainly  directed  to  those  Tertiary  rocks  in  which,  for  the  first 
time,  in  mounting  from  older  to  newer  strata,  we  meet  with  a  great 
variety  and  profusion  of  mammals,  of  all  sorts  and  sizes,  many  of 
which  are  still  the  associates  of  Man.  In  such  Tertiary  formations, 
we  have,  indeed,  before  us  on  all  sides  the  bones  of  the  higher  orders 

•  Loc.  eit.  p.  262.  f  See  *  Manvial  of  Elementary  Geology,'  8rd  edit.  p.  286. 
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of  mammalia  as  drifted  from  numerous  adjacent  lands^  associated 
with  the  exnvise  of  marine  creatures^  which,  though  scarcely  more 
abundant  than  those  of  the  earlier  formations,  are  all  of  different 
species. 

Animals,  in  short,  of  every  class,  whether  terrestrial  or  marine,  and 
particularly  mammalia,  abound  more  and  more  in  each  succeeding 
formation  of  Tertiary  age,  exhibiting  an  increasing  quantity  and 
variety  of  both  sea  and  land  creatures  as  we  approach  the  superficial 
accumulations.  In  these  only  are  entombed  the  bones  of  gigantic 
quadrupeds, — quadrupeds  which  once  inhabited  our  present  conti- 
nents, and  which  must  have  required  for  their  sustenance  a  range 
over  lands  probably  as  extensive  as  those  occupied  by  Man  and  his 
associates. 

Let  the  reader  dwell  on  these  remarkable  facts  which  the  labours 
of  geologists  have  elicited  in  the  last  fifty  years.  Let  him  view 
them  in  the  dear  and  broad  order  indicated  by  Nature  from  an 
invertebrate  to  a  vertebrate  era,  and  next  mark  a  regular  rise 
thenceforward  in  the  numbers  and  organization  of  animals  by  the 
addition,  in  successive  epochs,  first  of  reptiles  and  then  of  mam- 
malia. Let  him  execute  a  patient  survey  from  the  lower  deposits 
upwards,  and,  after  passing  through  the  lai^est  portion  of  the  long 
Silurian  epoch  without  detecting  a  fish,  he  will  find  everywhere  a 
succession  of  creatures  rising  firom  lower  to  higher  organizations, — 
a  doctrine  first  promulgated  by  the  illustrious  Cuvier,  but  from  much 
less  perfect  data  than  we  now  possess"^. 

Yet,  however  they  admit  the  facts,  some  of  my  contemporaries 
think  that  they  can  so  explaru  them  as  to  reject  a  belief  in  successive 
creations  firom  lower  to  higher  classes.  They  suppose,  that  nearly 
all  the  strata  of  date  antecedent  to  those  in  which  the  first  signs  of 
life  have  been  detected  are  often  in  so  crystalline  a  state,  that,  if 
they  originally  contained  remains  of  animals,  the  traces  of  them 
must  have  been  obliterated  by  changes  since  effected  in  the  struc- 
ture of  the  rock.  Now,  if  this  supposition  had  been  supported  by 
the  researches  of  late  years,  we  must  doubtless  have  admitted  that 
-the  attempt  to  point  to  the  earliest  visible  signs  of  creation  is  buried 

*  The  paleo2soio  or  primeyal  fossOfl  were  knowledge  of  his  day,  t .  e.  from  the  higher 

necesBarily  Uttle  known  to  that  great  com-  orders  of  Vertebrata  which  appear  in  the 

parative  anatomist,  who  drew  his  condu-  more  recent  epochs  only,  and  speciallj 

sions  from  data  within  the  scope  of  the  those  of  the  Paris  basin. 
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in  a  hopeless  obscurity;  but  this  difficulty  (which  I  would  not 
underrate^  being  well  aware  that,  covered  up  as  they  are  in  moun- 
tain masses  and  beneath  great  plains,  the  fauna  and  flora  of  every 
former  period  can  never  probably  be  perfectly  knovm)  is  to  a  great 
extent  set  aside  by  the  fact  of  the  existence  of  deposits  many  thou- 
sands of  feet  thick,  and  scarcely  at  all  altered,  which,  made  up  of 
sand,  mud,  and  pebbles,  constitute  the  very  foundations  of  the 
fossil-bearing  Silurian  strata.  In  these  huge  lower  sediments,  one 
doubtful  genus  of  Zoophyte  with  traces  of  Annelides  or  worms  have 
alone  been  found,  together  with  a  portion  of  one  obscure  Trilobite 
(p.  26);  whilst  chemical  analysis  has  afforded  to  Daubeny  in- 
dependent proo&  that  phosphoric  acid,  a  true  indicator  of  former 
life,  is  hardly  to  be  detected  in  these  older  rocks,  though  it  abounds 
in  the  younger  and  fossiliferous  strata.  (See  Appendix  P.)  If 
this  argument  were  derived  firom  the  evidences  collected  in  one 
region  only,  it  might  have  been  suggested,  that,  as  the  same  forma- 
tion which  is  barren  in  life  over  one  district  teems  with  signs  of  it 
in  another,  so  the  Cambrian  rocks  may  still  prove  to  be  more  fossil- 
iferous ;  but  such  infira-Silurian  rocks  have  been  well  explored  in 
many  countries,  and  have  not  there  afforded  even  the  scanty  signs 
of  life  which  have  been  wrung  from  them  in  Britain. 

When  we  proceed  upwards  into  those  Lower  Silurian  strata  so 
replete  with  clear  and  well-defined  groups  of  all  marine  animals 
except  vertebrata,  an  antagonist  might  possibly  reply,  that  gelatinous 
fishes,  void  of  backbones  (like  the  solitary  little  Amphioxus  now 
living),  may  have  been  the  only  creatures  of  their  class  which 
swarmed  in  the  broad  seas  then  prevailing ;  and  if  so,  that  no 
traces  of  them  could  exist,  their  boneless  bodies  perishing  and  leaving 
no  sign  of  their  former  existence.  As  an  old  student  of  Nature's 
works,  I  cannot  allow  this  hypothesis  to  outweigh  the  very  numerous 
and  well-recorded  facts  which  announce  the  co-existence  and  per- 
fection of  all  the  other  classes  of  the  ancient  submarine  kingdom. 
If  thousands  of  invertebrate  animals  have  left  their  coverings  be- 
hind, and  the  most  delicate  impressions  of  their  parts,  is  it  rational 
to  suppose  that  every  form  of  fishes  should  be  wanting  in  that  frame- 
work which,  whether  consisting  of  dermal  plates  or  of  vertebrae, 
characterizes  them  in  the  strata  of  all  succeeding  epochs?  Nay 
more,  we  see  that  in  this  same  long  period  in  which  no  traces  of 
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fishes  appear  there  specially  prevailed  a  superabundance  of  cepha- 
lopods ;  and^  as  creatures  of  that  structure  are  well  known  to  be 
carnivorous^  we  may  presume  that  they  were  the  appointed  tyrants 
and  chief  scavengers  of  the  Silurian  seas. 

Another  hypothesis  which  has  been  advanced  in  opposition  to 
the  mass  of  positive  evidence  is^  that^  although  such  earlier  rocks 
are  void  of  ichthyolites,  the  sediments  may  all  have  been  formed  in 
limited  zones  aroimd  the  earth ;  just  as  it  is  believed  by  some  natu- 
ralists that  there  are  seas  subject  to  certain  currents  and  conditions 
of  the  bottom  in  which  no  fishes  are  now  living.  But  here^  again, 
the  application  of  such  a  theory,  I  would  suggest,  is  still  more 
negatived  by  the  facts  adduced.  Silurian  rocks  similar  in  structure, 
and  containing  the  same  oi^anic  remains,  are  not  confined  to  any 
one  segment  of  the  earth's  surface,  however  broad,  but  are  largely 
developed  in  nearly  aU  known  r^ons.  The  argument  is,  therefore, 
untenable  in  face  of  the  knowledge  we  have  acquired,  that,  amidst 
a  profusion  of  all  the  other  forms  of  marine  life,  fishes  only  are 
absent  from  strata  formed  in  the  seas  of  this  early  age. 

The  prevalence  of  a  widely  spread  primeval  ocean,  and  of  a  sur- 
&ce  which  had  not  yet  been  subjected  to  those  innumerable  varia- 
tions of  outline  which  have  since  changed  and  modified  the  different 
climates  of  the  earth,  when  connected  with  a  belief  in  the  former 
greater  radiation  of  heat  from  its  interior,  are  the  chief  data  re- 
quired to  satisfy  us,  that  physical  conditions  then  prevailed,  with 
which  the  nature  and  extensive  spread  of  the  earlier  groups  of 
animals  are  in  harmony. 

Admitting  that  in  the  remote  periods  during  which  the  earliest 
accessible  sediments  were  accumulated,  large  areas  of  land  (though 
probably  of  no  very  great  altitude),  as  well  as  vast  rivers,  must 
have  existed  as  sources  of  the  primeval  deposits,  we  may  still  well 
believe  that  such  lands  were  widely  separated  by  seas,  and  that 
hence  we  ought  necessarily  to  meet  with  a  smaller  number  of  shore 
animals  and  a  greater  number  of  oceanic  forms.  Taking  advantage 
of  this  simple  fact,  some  persons  have  suggested  that  we  may  have 
as  yet  discovered  only  the  deep-sea  products  of  the  Silurian  period, 
and  that,  when  the  true  edges  of  its  lands  come  to  be  detected, 
we  may  then  find  plants  and  many  creatures  now  unknown  to  us. 
To  this  I  confidently  reply,  that  many  proofs  have  already  been 
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adduced  of  lands  which  were  contiguous  to  the  marine  Silurians^ 
both  Lower  and  Upper.  Innumerable  pebble-beds,  coral-reefe, 
and  trails  of  animala  that  crawled  upon  the  tide-marked  mud^  are 
the  principal  evidences  required,  and  to  these  I  will  again  presenU  j 
advert. 

It  has  also  been  said,  that  the  great  number  of  floating  shells  or 
cephalopods,  particularly  the  Orthoceratites,  which  abounded  in 
the  Silurian  era,  are  in  themselves  indicators  of  deep  seas,  remote 
from  land,  into  which,  therefore,  terrestrial  spoils  were  little  likely 
to  be  transported.  Now,  the  Silurian  chambered  shells  may,  indeed, 
have  required  a  certain  depth  of  water,  and  yet  many  of  them,  like 
the  Nautilus  Fompilius  of  the  present  day,  might  have  lived  at  ho 
great  distance  from  the  land  of  that  time;  for,  in  the  succeeding 
Carboniferous  period,  when  the  mountain  limestone  was  formed,  we 
find  no  lack  of  floating  shells  and  other  mollusca  equally  charac- 
teristic of  certain  depths  of  water,  and  yet  these  are  associated  with 
abundance  of  plants  which  were  drifted  from  land, — simply,  as  I 
would  say,  because  the  earth  then  bore  a  rich  arboreal  or  tree  vege- 
tation; whereas  we  can  discover  only  the  feeblest  traces  even  of 
vegetable  tissue  in  the  earlier  Silurian  time,  notwithstanding  the 
certain  existence  of  contiguous  lands  and  of  large  streams  at  that 
period.  In  all  the  subsequent  formations  of  the  geological  series,  from 
the  Permian  upwards,  land-plants  ever  accompany  marine  remains. 
Thus,  in  the  Lias  and  Oolites,  for  example,  we  meet  with  an  equal, 
if  not  a  greater  number  of  floating  shells  than  in  the  Silurian  rocks. 
The  Ammonites  and  Belemnites  of  the  younger  period,  requiring 
the  same  depth  of  water,  had  taken  the  place  of  the  primeval 
Orthoceratites ;  and  yet,  associated  with  them,  we  have  everywhere 
proofs  of  the  proximity  of  the  land,  in  the  abundance  of  fossil  plants 
and  wood  derived  from  terra  firma^  doubtiess  then  much  more  ex- 
tensive and  diversified  than  in  the  earliest  times. 

If  the  old  continents  and  islands  which  existed  during  the  accu- 
mulation of  the  marine  Lower  Silurian  deposits  had  borne  trees,  the 
numerous  researches  of  geologists  in  all  quarters  of  the  globe  must 
have  brought  to  light  some  signs  of  them*;  for,  whilst  we  know 

*  A  year  ago  it  was  triumphantly  an-  in  the  SiLiirian  rocks  of  Antiooeti ;  but  on 

nounoed,  b^  those  who  are  opposed  to  my  examination,  the  specimens  were  entirely 

matier-of  nict  reasoning,  that  trees  of  oon-  discarded  from  the  yegetable  kingdom  by 

siderable  size  had  at  length  been  discovered  Dr.  Hooker  (see  p.  4IX)}. 
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that  there  are  rocks  of  considerable  extent^  which^  firom  the  fine 
nature  of  their  materials^  may  probably  have  been  deposited  in  an 
ocean  at  some  distance  firom  a  shore  (though  we  have  as  yet  little 
or  no  evidence  as  to  the  accumulation  of  sediment  in  deep  seas^ 
where  no  currents  prevail), — ^there  are,  on  the  other  hand,  many 
Silurian  districts  of  the  Old  and  New  World,  where  the  form  and 
structure  of  the  deposits  bespeak  the  action  of  waves  and  sui^e,  and 
where  the  imbedded  sea-weeds,  zoophytes,  and  other  remains  compel 
us  to  adopt  the  same  view.  K,  also,  the  primeval  fauna  does  afford 
fewer  spiral  univalve  shells  than  are  seen  among  the  animals  of  the 
Laminarian  zones  of  our  modem  seas,  we  may  suggest  that  shore- 
lines, as  we  understand  them,  must  have  been  much  less  numerous 
in  primeval  epochs  than  at  the  present  day,  now  that  the  surface 
has  been  diversified  by  lofiy  dividing  ridges  on  the  land  and  corre- 
sponding depressions  in  the  ocean.  With  this  important  reserva- 
tion, we  do,  however,  obtain  as  many  of  those  signs  of  shores  as  we 
can  expect  to  find  in  the  earlier  deposits. 

Appeal,  for  example,  to  the  oldest  sedimentary  deposits  in  which 
traces  of  any  living  thing  have  been  detected,  the  Longmynd  rocks 
of  Britain,  and  see,  in  their  mode  of  aggregation,  in  the  sand-worms 
which  burrowed  into  them,  and  in  the  rain-drops  which  dibbled  their 
surface,  the  clearest  proofs  of  shore-accumulation  (pp.  26,  27). 

Again,  look  to  the  illustrations  of  this  point  furnished  by  the 
American  geologists,  firom  a  very  wide  extent  of  their  country, 
where  the  strata  are  nearly  horizontal,  and  where,  without  any  ambi- 
guity, our  kinsmen  have  traced  life  downwards  in  the  successive 
crusts  of  the  earth,  to  the  same  primordial  zone  as  their  contem- 
poraries have  done  in  Britain^,  Scandinavia,  and  Bohemia.  The 
American  geologists  have  evidences,  in  their  lowest  Silurian  beds,  of 
numerous  trails  or  tracks  of  animals,  whether  crustaceans  or  gaste- 
ropods,  which  moved  over  a  film  of  mud  or  sand  formed  by  one  tide 
before  another  covered  the  impressions,  and  left  them  as  proofs  to 
future  ages,  of  layers  which  were  deposited  on  the  shores  and  edges 
of  former  lands.  Again,  in  other  Silurian  beds  of  the  far  West,  there 
exists  the  same  abundance  of  coral-reefs  as  in  Britain,  and  the  still 

*  Mr.  Salter  has  described  a  trail  of  the  Journal  of  the  Geological  Society  (May 
Hymenocaris  Termicauda,  in  the  Lingnla  1854),  vol.  x.  p.  206.  Other  tracks  are  corn- 
flags  of  North  Wales  (Lowest  Silurian  of  mon  in  these  beds, 
the  Geological  Survey) :    see   Quarterly 
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stronger  evidence  of  pebbly  and  sandy  shores^  whieb  never  contain 
the  trace  of  a  land-plant.  Why^  therefore^  wander  from  such  plain 
facta  into  the  region  of  theory?  And  why  not  admit  (what  is^ 
indeed,  in  accordance  with  all  we  have  observed)  that  nearly  all  the 
Silurian  era  had  passed  away  before  trees  grew  upon  the  land  or 
fishes  swam  in  the  waters? 

In  the  fdndamental  facts  described  in  this  volume,  we  cannot^ 
therefore,  but  recognize  arrangements  which,  though  perfect  as 
respected  all  truly  primeval  creature^  and  plants,  were  essentially 
different  from  those  of  our  own  time;  for,  if  the  then  existing 
continents  or  islands  had  borne  trees,  some  fragments  of  them  must 
have  been  transported  into  adjacent  estuaries,  and  mixed  in  the 
mud  and  sand,  like  the  vegetables  of  every  subsequent  epoch,  by 
the  agency  of  those  great  streams  of  the  mechanical  power  of  which 
we  have  such  decisive  proofs.  The  Silurian  rocks  extend  over  areas 
as  large  as,  if  not  larger  than  any  great  system  of  the  following 
periods;  and  yet  in  them  alone,  I  repeat,  is  there  an  entire 
absence  of  an  arborescent  vegetation  derived  from  the  then  adja- 
cent lands. 

And  here  it  is  well  to  remind  the  student  of  the  wide,  if  not  uni- 
versal, spread  of  the  primeval  strata.  In  the  annexed  small  general 
Map  of  the  World  are  represented  all  the  regions  over  which  one  or 
more  of  the  primeval  fossil  groups  are  known  to  exist,  including  those 
crystalline  and  igneoius  rocks  which  were  formed  before,  or  are  asso- 
ciated with  them"^.  In  viewing  the  dark  tint  of  this  map  we  may 
suppose,  that  when  such  extensive  paleozoic  sea-bottoms  were  raised 
into  lands,  the  former  continents,  from  which  the  sediments  had 
been  derived,  were  submerged ;  but  be  this  as  it  may,  it  is  a  feet, 
that  in  aU  quarters  of  the  globe,  Silurian  strata  constantly  lie  in 
juxtaposition  to  the  other  overlying  paleozoic  formations,  and 
hence  it  is  impossible  to  apply  to  the  lowest  strata  any  reasoning 
which  does  not  also  refer  to  those  which  repose  upon  them.  For 
as  the  Silurian  rocks  are  constantly  found  in  the  same  longitudes 
and  latitudes  as  the  Devonian  and  Carboniferous,  why  ia  it  that  in 
the  one  there  are  never  foimd  traces  of  vertebrata  and  land-plants, 

*  The  reader  muBt  not  be  critical  as  to  proportions  of  the  primeval  to  the  seoond- 

the  exact  demarcation  aesigned   to  the  ary  and  tertiary  rocks.    The  chief  inten- 

jMileoxoio  and  crystalline  rocks  by  the  dark  tion  is  to  direct  the  eye  to  idl  the  regions 

tint  of  this  map,  which  marks  the  relative  where  the  older  rocks  prevaiL 
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and  that  in  the  very  same  region  remains  of  both  these  classes 
abomid  in  the  other?  By  no  theoretical  suggestion^  therefore^  can 
the  £Etir  inference  be  evaded^  that  things  which  did  not  exist  during 
the  Silurian  period  were  created  in  the  same  tracts  or 'zones  during 
the  following  ages. 

The  uniformitarian^  who  would  explain  every  natural  event  in  the 
earliest  periods  by  reference  to  the  existing  conditions  of  beings  is 
thus  stopped  at  the  very  foundation-stone  of  the  great  edifice^  each 
storey  of  which  has  been  inhabited  by  different  creatures.  Nature 
herself,  in  short,  speaks  to  him  through  her  most  ancient  monu- 
ments, and  tells  him,  that,  though  she  has  worked  during  all  ages 
on  the  same  general  principles  of  destruction  and  renovation  of  the 
surface,  there  was  formerly  a  distribution  of  land,  in  reference  to 
the  sea,  very  different  in  outline  firom  that  which  now  prevails.  Such 
primeval  state  was  followed  by  outbursts  of  great  volumes  of  igneous 
matter  firom  the  interior,  the  extraordinary  violence  of  which  is 
made  manifest  by  dear  evidences.  Fractures  in  the  crust  of  the 
earth,  accompanied  by  oscillations  that  suddenly  displaced  masses 
to  thousands  of  feet  above  or  beneath  their  previous  levels,  were 
necessarily  productive  of  such  translations  of  water,  as  to  abrade 
and  destroy  solid  materials,  and  spread  them  out  over  continents, 
to  an  extent  infinitely  surpassing  any  change  of  which  the  historical 
era  affords  an  example. 

I  could  here  cite  the  works  of  Leopold  von  Buch,  Elie  de  Beau- 
mont, Studer*,  Sedgwick,  Buckland,  Conybeare,  De  la  Beche, 
W.  Hopkins,  and  numerous  other  geologists,  for  countless  proofs  of 
this  grander  intensity  of  causation  in  former  epochs,  i,  e.  during 
many  geological  periods,  by  which  gigantic  masses  were  inverted, 
and  strata  forming  moimtains  so  wrenched,  broken,  and  twisted  as 
to  pass  under  the  very  rocks  out  of  whose  materials  they  were  con- 
structed. The  traveller  amid  the  Alps  and  many  other  mountain- 
chains  will  there  see  signs  of  such  former  catastrophes,  each  of 
which  resulted  from  convulsions  utterly  immeasurable  by  any  refer- 
ence to  those  puny  oscillations  of  the  earth  which  can  be  appealed 
to  during  the  times  of  history.  But  restraining  my  pen  on  these 
collateral  points,  I  adhere  to  our  immediate  subject — the  proofs  of  a 

•  See  pturticukrly  Studer's  work,  *  Geologic  der  Schweia,'  vol.  ii.  1853. 

Digitized  by  VjOOQIC 


524  8ILURIA.  [Chap.  XX. 

series  of  a€ts  of  creation  coincident  with  former  conditions,  apart 
from  such  great  physical  revolutions. 

If  we  reflect  upon  the  succession  presented  to  us  in  the  primeval 
rocks,  we  have,  I  repeat,  cumulative  evidence,  that  the  wide- 
spread diJEfiision  of  the  same  types  of  animal  and  v^etable  life 
was  due  to  a  former  temperature  and  outline  of  the  surface  essen- 
tially distinguished  from  those  of  our  day.  To  whatever  extent 
continents  and  islands  may  have  existed  during  those  long  early 
periods,  and  however  we  may  speculate  on  the  extent  of  pristine 
shores,  it  seems  certain,  that  the  lands  accessible  to  our  survey  and 
bearing  any  such  vegetation  increased  very  considerably  in  the  car- 
boniferous times.  In  those  days  the  very  same  species  of  marine 
animals  lived  fix)m  the  latitude  of  Spitzbergen  to  the  parallels  of 
Peru  and  Australia*.  Vast,  low  deltas  then  also  extended  them- 
selves, which,  on  being  desiccated,  bore  an  absolutely  uniform  terres- 
trial vegetation  over  at  least  half  the  globe.  Many  of  the  ancient 
tree-ferns  must  have  grown  on  tracts  little  above  the  water,  and 
jungles  larger  than  Britain  must  have  been  successively  and  re^ 
peatedly  submerged  and  re-elevated  to  form  new  lands,  to  be  in  due 
time  covered  by  the  vegetation  that  supplied  the  elements  for  the 
construction  of  great  coal-fields.  These  phenomena  assure  us,  there- 
fore, that  a  very  great  portion,  if  not  the  whole  surface  of  the  earth, 
enjoyed  at  that  time  an  equable  and  warmer  climate.  (See  Sketch, 
p.  805.) 

Believing,  as  I  do,  with  many  geologists,  that  this  former  tem- 
perature of  the  earth  was,  in  great  measure,  caused  by  the  radiation 
of  its  internal  heat,  independently  of  solar  action,  other  physical  as- 
well  as  zoological  phenomena  lead  me  frirther  to  suppose,  that  the 
land  of  those  early  days  could  not  have  been  thrown  up  into  very 
lofty  mountains;  for,  if  so,  such  great  elevations  must  have  been 
accompanied  by  corresponding  deep  chasms  in  the  crust  of  the 
earth,  and  these  would  necessarily  have  been  impassable  barriers  f 

*  See  the  observations  of  d'Orbigny,  see  M'Coj,  Ann.  Nat  Hist  1S47. 
p.  456.    The  Pemyian  Andes,  and  other        t  CuTier    and    Yalenoiennai    showed 

parts  of  the  Cordillera  ranging  into  CSali-  (Hist.  Foiss.)  that  very  few  species  of 

fomia,  have  afforded  several  species  of  car-  fish  cross  the  Atlantic ;  and  the  Beports 

boniferous  moUusca  identical  with  British  to  the  British  Association  by  Sir  J.  Ri- 

forms,  and  I  have  myself  found  the  same  chardson  (1836,  1845)  lead  us  to  infer, 

in  the  Ural  Mountains.    See  '  Russia  in  that  deep  seas  are  as  impassable  bairiera 

Europe  and  the  Ural  Mountains,*  vol.  i.  to  fishes  as  high  mountains  lure  to  mam- 

p.  73.     They   also   occur   in   Australia :  mals. 
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to  many  of  the  primeval  submarine  creatures  which  have  been 
described  as  co-existent  over  the  most  remote  regions.  Profound 
abysses  of  the  ocean  are^  it  is  well  known,  as  complete  barriers  to 
the  migration  of  fishes  and  many  other  marine  creatures^  as  lofty 
mountains  are  to  inhabitants  of  the  land.  The  recent  discovery, 
therefore,  of  the  vast  profiindity  of  the  ocean  midway  between  the 
Cape  of  Crood  Hope  and  Cape  Horn,  amounting  to  7000  fathoms, 
or  nearly  double  the  height  of  the  loftiest  mountains  (even  allowing 
for  some  amount  of  error  in  the  soundings),  is,  indeed,  the  strongest 
possible  illustration  of  the  impassable  nature  of  such  subaqueous 
barriers.  These  have  resulted  from  oscillations  of  the  surface, 
which,  occurring  during  all  geological  time,  have  necessarily  caused 
great  variations  in  the  marine  provinces  of  life,  placing  them  in 
strong  contrast  with  the  uniformity  of  the  ancient  faunas. 

Duly  estimating  the  great  value  of  the  knowledge  of  submarine 
life  acquired  and  applied  by  a  naturalist,  whose  researches,  coupled 
with  those  of  Lov^n  and  other  contemporaries,  have  thrown  new 
light  on  many  phenomena  previously  unexplained,  let  us  guard 
against  the  inference,  that,  because  such  acquaintance  with  the 
natural  operations  of  our  own  era  is  applicable  to  the  last  geological 
data,  or  those  of  tertiary  age,  it  should  also  apply  to  the  quasi  uni- 
versal, and  therefore  very  different,  physical  conditions  under  which 
primeval  creatures  existed.  During  the  tertiary  period,  the  crust 
of  the  earth  had,  as  we  know,  approximated  considerably  to  its 
present  varied  outline,  and,  before  it  drew  to  a  close,  great  changes 
had  taken  place,  by  which  regions  formerly  occupied  by  animals  and 
plants  requiring  a  warm  and  equable  climate  were  covered  even  by 
ice  and  glaciers.  Whilst,  therefore,  we  thank  Edward  Forbes  for 
dredging  the  sea-bottoms,  and  teaching  us  that  deep-sea  moUusks 
are  now  living  near  high  lands  in  the  Mediterranean,  whence  pebbles 
may  be  so  washed  down  as  to  lie  in  juxtaposition  with  the  tenants 
of  the  deep, — ^we  must  believe  that,  either  this  argument  cannot 
bear  upon  the  primeval  era,  in  which  we  have  no  evidence  whatever 
of  high  lands  and  detached  mediterranean  seas, — or,  if  applied,  it  is 
the  strongest  evidence  to  show,  that  the  supposed  primeval  cliffs 
and  lands  were  void  of  terrestrial  vegetation.  , 

On  what  data,  it  may  be  asked,  is  founded  the  beautiful  and 
rational  theory  of  Lyell,  which  explains  the  successive  changes  of  the 
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climate  of  the  earth  ?  Is  it  not  mainly  dependent  on  those  diyarsified 
evolutions^  proceeding  from  beneath  the  surface,  which  have  caused 
changes  in  the  outline  of  former  lands  and  seas,  equivalent  in  extent, 
although  different  in  position,  to  our  present  continents  and  oceans  ? 
And,  if  such  a  varied  distribution  of  earth  and  water  as  the  present 
had  existed  in  the  pristine  periods  that  we  have  been  considering, 
how  could  the  same  groups  of  animals,  manifestly  requirmg  the 
same  conditions,  the  same  temperature,  and  the  same  food,  have 
had  so  wide  a  diffusion  ? 

Although  it  is  quite  true  that  specific  distinctions  are  seen  to 
have  frequently  prevailed  in  the  fossils  of  the  Lower  Silurian  rocks  of 
countries  situated  at  no  great  distance  from  each  other,  as  explained 
in  the  chapters  which  treat  of  the  distribution  of  the  fauna  of  that  age, 
the  fact  is  by  no  means  antagonistic  to  my  reasoning.  Should  it,  for 
example,  be  even  said,  that  the  variety  in  the  distribution  of  Silurian 
species  is  as  great  as  in  the  same  areas  of  sea  of  the  present  day,  I 
reply,  that  it  is  not  to  species,  but  to  the  classes,  groups,  and  genera, 
that  the  objector  must  appeal.  If  unable  to  explain  why,  in  the 
earliest  primeval  times,  so  many  Trilobifces,  Orthides,  Orthoceratites, 
and  Corals  of  analogous  forms  were  spread  out  over  areas  at  enor- 
mous distances,  it  is  enough  for  us  to  feel  assured,  that  the  various 
associates  of  the  Calymene  Blumenbachii,  or  any  other  well-known 
Trilobite,  must  have  required  just  the  same  temperature  and  sur- 
rounding media  in  whatever  part  of  the  world  they  lived.  It  is  not 
because  the  land  animals  of  Europe  are  dissimilar  in  species  to  those 
of  Africa  that  the  faunas  of  the  two  regions  are  so  distinct,  but  that 
we  have  not  among  our  European  associates  the  same  grcups  as 
those  which  live  in  hotter  climes.  I  therefore  conceive,  that  the 
fact  of  the  difiusion  of  the  same  families  and  genera  of  Trilobites, 
Corals,  and  other  fossils,  however  they  may  vary  as  to  species,  must 
have  required  an  equably  difihsed  temperature  and  similar  conditions 
for  their  existence.  Still  more  clearly  is  this  inference  sustained 
by  the  spread  of  the  same  old  vegetation,  and  often  of  the  same 
species  of  plants,  over  half  the  globe. 

Resting  then  on  these  universal  facts  as  a  firm  basis,  the  geolo- 
gist who  explores  his  way  upwards,  sees,  as  before  stated,  that  the 
formations  which  were  next  accumulated  in  the  same  latitudes  and 
longitudes  as  the  Silurian  rocks  were,  and  sometimes  in  actual  and 
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conformable  contact  with  them^  do  contain  land-plants  mixed  with 
marine  remains.  In  shorty  the  only  prevailing  unequivocal  vege- 
tables found  in  the  older  strata  are  sea- weeds;  whilst  the  later- 
formed  and  contiguous  rocks,  though  equally  charged  with  exuvise 
of  the  sea,  are  laden  with  many  spoils  of  the  land,  both  vegetable 
and  animal. 

Patient  researches  having  thus  demonstrated,  that  in  the  primeval 
eras  all  living  things  differed  completely  from  those  of  our  own 
times,  we  also  see  how  the  animals  subsequently  created  were 
adapted  to  new  and  altered  physical  conditions.  Proceeding  on- 
wards firom  the  early  period  in  which  we  can  trace  no  sign  of  trees 
or  of  vertebrata,  and  in  which  the  solid  materials,  enclosing  every- 
where a  similar  faima,  were  spread  out  with  great  uniformity,  we 
soon  begin  to  perceive  the  proo&  of  powerful  revolutions,  chiefly 
commencing  after  the  coal  formation''^,  by  which  the  earth's  surface 
was  so  corrugated,  that,  after  many  perturbations,  the  groups  of 
animals  and  plants  of  the  younger  tertiary  periods  were  infinitely 
more  restricted  than  before  to  limited  regions  and  climates.  And, 
as  the  highly  diversified  conditions  of  the  latest  geological  era  and  of 
the  present  day  were  wholly  unknown  in  the  primeval  epochs,  so  it 
follows,  that  we  should  greatly  err,  if  we  endeavoured  to  assimilate  the 
intensity  of  causation  of  all  ancient  nature  with  existing  operations. 

The  numerous  and  positive  evidences  of  a  former  wide  distribution 
of  similar  animals  and  plants  enable  us  fisdrly  to  bring  before  our 
mind's  eye  the  physical  geography  of  those  great  epochs  when  such 
large  portions  of  our  present  continents  were  under  the  waters,  and 
jungles  of  succulent  and  fern-like  trees  occupied  extensive  low  lands, 
subjected  during  long  periods  to  sinkings  and  uprisings  Not  less 
clearly  do  we  perceive,  fix)m  other  physical  evidences,  the  manner  in 
which  eruptive  forces  subsequently  breaking  out  with  great  violence 
afler  the  close  of  the  carboniferous  era,  and,  indeed,  at  many  other 

*  I  by  no  means  deny  that  much  per-  that  there  are  indications  of  the  existence 

tnrbation  prevailed  in  the  earlier  stages  of  of  any  very  lofty  mountains,  until  the 

the  planet,  as  explained  in  the  first  two  crust  of  the  earth  had  undergone  some  of 

chapters.     On  the  contrary,  I  admit  the  the    subsequent    mutations  alluded    to ; 

powerful  emission  of  much  i^eous  matter,  particularly  those  which  followed  the  ac- 

the  transmutation   of   sedmientary  into  cumulation  of  the  carboniferous   strata, 

crystalline  rooks,  and  the  presence  of  great  and   which  were  repeated   at  so   many 

terrestrial  masses,  anterior  to  the  accumu-  subsequent  periods,  notably,  and  perhaps 

lation  of  any  of  the  deposits  which  are  most   powerfully,  in    the  tertiary  times 

now  under  consideration.    But  I  deny  which  preceded  the  historic  era. 
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periods^  and  powerfiilly  in  very  recent  geological  times^  hare  thrown 
the  strata  into  those  grand  undulations  and  contortions^  accompanied 
by  stupendous  fractures^  which  have  given  to  the  older  and  younger 
paleozoic  deposits  their  curvatures  and  limits. 

Thenceforward  was  continued  that  long  series  of  additional  and 
repeated  emissions  of  volcanic  matter  from  within,  of  elevations  of  • 
the  sea-bottom,  and  corresponding  depressions  of  land,  combined 
with  the  metamorphism  of  strata  (these  changes  being  often  accom- 
panied by  corresponding  new  creations  of  animals  suited  to  the 
existing  conditions),  during  the  formation  of  the  secondary  and  ter- 
tiary deposits.  By  these  great  physical  operations,  both  gradual 
and  paroxysmal,  our  planet  was  eventually  brought  to  possess  the 
climatal  relations  which  have  for  so  long  a  time  prevailed.  That 
these  elevations  and  depressions  finally  produced  a  state  of  things 
very  difierent  from  that  of  such  former  eras,  is  everywhere  registered 
by  a  multitude  of  well-attested  data. 

Among  the  terrestrial  changes  to  which  science  clearly  points, 
there  is  no  one  which  better  deserves  to  be  recorded  in  a  few  parting 
words,  than  that  great  mutation  of  surface  and  its  accompanying 
loss  of  warmth,  by  which  extensive  fields  of  ice  were,  as  I  believe, 
first  formed  upon  the  sea,  and  large  glaciers  upon  the  land.  As 
very  lofty  mountains  in  moderate  latitudes,  and  masses  of  land  and 
water  in  Arctic  or  Antarctic  regions,  are  essentially  the  seats  of  gla- 
ciers and  ice-rafts — so  we  know  that  these  bodies  alone  have  the 
power  of  transporting  huge  erratic  fragments  of  rocks  from  their 
native  mountains  to  considerable  distances  by  land,  or  for  hundreds 
of  miles  over  the  sea  in  floating  icebei^.  Now,  of  the  far  removal 
of  such  gigantic  blocks  we  have  no  clear  evidence  in  any  preceding 
geological  period  !  On  the  contrary,  whilst  most  large  boulders  of 
the  primary,  secondary,  or  older  tertiary  rocks  bear  on  their  surfaces 
the  signs  of  having  been  waterwom  or  rounded  by  aqueous  or  atmo- 
spheric agency,  the  huge  erratics  of  the  later  cold  period  (gigantic 
in  comparison  with  all  that  preceded  them)  are  often  angular,  or 
nearly  in  that  state  in  which  they  left  the  mountain-side, — before, 
in  short,  they  were  wafted  over  seas  or  lakes,  to  be  dropped,  at 
very  remote  distances  from  their  parent  rocks,  upon  submarine 
sediments  which  by  subsequent  elevation  have  been  made  portions 
of  our  continents.     Hence,  independently  of  the  indications  of  a 
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mote  equably  diffiised  and  wanner  temperature  in  older  times  than, 
at  the  present  day,  such  large  erratics  are  in  themselves  decisive 
testimonials  of  that  intense  cold,  which,  it  is  believed,  was  princi- 
pally due  to  the  increase  of  great  elevated  masses  of  land  which 
specially  characterize  the  qtuzsi  modem  period. 

Receding  backwards  from  this  glacial  phenomenon,  which,  con- 
tinning  into  our  own  times,  has  been  so  skilfully  illustrated  by  elo- 
quent writers*,  it  is  specially  my  province  to  endeavour  to  impress 
upon  the  reader  the  importance  of  endeavouring  to  form  an  estimate 
of  the  physical  geography  of  the  earth  during  those  remote  periods 
when  the  Paleozoic  deposits  were  accumulated.  If  very  lofty  moun- 
tains did  not  then  exist,  we  have,  indeed,  in  this  single  phenomenon, 
what  may  have  been  one  of  the  chief  causes  of  that  equable,  if  not 
warmer  climate,  the  presence  of  which,  though  a  hypothesis,  seems 
indispensably  requisite  to  harmonize  with  the  facts  recorded  in  this 
volume.  And  if  we  add  the  inference  adopted  by  many  philosophers 
and  geologists,  that  the  earth,  in  cooling  down  from  its  original 
molten  state,  must,  during  long  succeeding  ages,  have  diminished 
in  heat  over  its  whole  surface,  we  are  enabled,  by  reference  to 
physical  changes  alone,  to  satisfy  ourselves  that  we  have  in  them 
the  chief  elements  required  to  explain  all  climatal  results. 

Finally,  if  this  retrospective  survey  of  the  changes  of  the  earth  be 
but  the  outline  of  a  picture  which  must  be  filled  up  by  an  assiduous 
study  of  the  works  of  nature,  let  me  say  that  it  has  not  been  at- 
tempted without  deliberate  consideration  and  extensive  researches 
amid  the  youngest  as  well  as  the  most  ancient  deposits.  And,  if 
any  theoretical  portions  of  the  preceding  pages  be  objected  to,  they 
can  easily  be  separated  from  those  historical  facts  which  are  esta- 
blished by  positive  observation,  and  in  the  truth  of  which  all  geo- 
logists are  agreed. 

The  leading  object  of  this  volume  is  to  call  attention  to  the 
oldest  vestiges  of  life  which  have  been  discovered  in  the  crust  of 
the  globe,  and  accurately  to  chronicle  the  order  in  which  other 
early  races  followed  them. 

Prom  the  effects  produced  upon  my  own  mind  through  the  long 
study  of  these  imperishable  records,  I  am,  indeed,  led  to  hope  that 
most  of  my  readers  will  adhere  to  the  views  which,  in  common  with 

*  See  Charpentier,  Agassiz,  and  particularly  the  admirable  -writings  of  James  Forbes. 
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many  contemporaries^  I  entertain  of  the  succession  of  life  firom 
lower  to  higher  classes ;  albeit  the  first  created  animal  of  each  class 
may  have  been  as  perfect  as  any  of  its  congeners  in  after-times.  For, 
he  who  endeavours  to  look  to  a  beginnings  and  who^  commencing 
with  the  earliest  visible  signs  of  life,  can  thenceforward  trace  a 
successive  rise  in  the  scale  of  being,  imtil  that  period  is  reached 
when  Man  appeared  upon  the  earth,  must  acknowledge  in  such 
works  repeated  manifestations  of  the  design  and  superintendence 
of  a  Creator. 


FINIS. 
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A. — Table  showing  the  Vertical  range  of  the  Silurian  Fossils  of  Britain, 

In  the  Appendix  to  the  former  edition  of  this  work,  the  range  of  those  species 
only  which  are  conunon  to  the  great  divisions  Upper  and  Lower  Silurian  was 
exhibited  in  a  tabular  form.  I  am  now  enabled  to  give  a  complete  list,  so  far 
as  our  present  knowledge  extends,  of  all  the  species,  and  to  particularize  their 
occurrence  in  the  subdivisions  of  the  system ; — ^thus  following  the  plan  adopted 
in  the  original '  Silurian  System.' 

Mr.  Salter,  aided  by  Mr.  Morris,  has  drawn  up  the  following  Table  as  a  basis 
for  the  more  complete  Silurian  catalogues  on  which  he  has  been  for  some  time 
engaged,  and  which  will  contain  many  more  species,  not  yet  described.  In  the 
preparation  of  this  list  he  has  found  it  necessary  to  modify  the  statements  of 
some  of  my  contemporaries,  with  regard  to  the  species  found  in  those  portions 
of  the  series  on  which  we  have  now  better  geological  data — ^the  Llandoilo  and 
Llandovery  groups  for  instance.  If  any  published  species  are  omitted,  or  com- 
bined with  others,  it  is  because  a  careful  examination  has  convinced  him  of  their 
identity  with  previously  described  forms.  With  these  exceptions,  the  list  com- 
bines the  labours  of  all  British  writers  on  Silurian  fossils,  and  shows  at  a  glance 
the  number  which  are  common  to  two  or  more  subdivisions. 

The  lingula  flags  (''Zone  primordiale  "  of  the  Silurian  rocks  of  Barrande)  are, 
according  to  my  view,  represented  in  Shropshire  by  the  Stiper  Stones,  which 
immediately  overlie  the  Cambrian  rocks  of  the  Longmynd.  This  zone  has  recently 
yielded  fossils  which  connect  it  with  the  Llandeilo  flags.  (See  Appendix  R.)  In 
Norway  it  contains  two  or  three  species  common  to  it  and  the  Llandeilo  rocks. 

The  Llandeilo  rocks  are  black,  flag-like,  and  slaty  deposits,  occasionally  cal- 
careous, extensively  developed  in  Shropshire  and  N.  and  S.  Wales.  They  include 
at  their  base  the  dark  grey  flagstones  and  schists  which  occupy  the  western  slopes 
of  the  Stiper  Stones  (see  pp.  62  et  seq.). 

In  the  Caradoc  or  Bala  column  are  included  all  the  rocks  of  the  Caradoc 
sections  of  Shropshire,  the  Bala  limestone,  and  the  arenaceous  beds  above  and 
below  it,  which  beds  all  overlie  the  black  slaty  Llandeilo  series  in  N.  and  S. 
Wales  (see  pp.  4&-66).  The  fossils  of  Snowdon,  of  Coniston  in  Westmoreland, 
of  Ayrshire,  Tyrone,  Dublin,  Waterford,  Wexford,  &c.,  are  all  included  in  the 
*'  Caradoc,''  a  principal  member  of  the  Lower  Silurian  division. 

In  the  column  "  Llandovery  Rocks,"  both  the  upper  and  lower  divisions  are 
united,  as  they  form  one  natural-history  division ;  but  the  reader  wiU  see  that 
in  the  text  I  have  clearly  indicated  their  distinction.  The  fossils  from  Oalway 
in  Ireland,  separately  treated  of  in  my  last  list,  are  here  included  in  the  Llan- 
dovery rocks. 
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The  Woolhope  limeBtone  and  Denbighshire  grits  are  here  regarded  as  the 
lowest  portion  of  the  Wenlock  rocks,  and  Mr.  Salter  has  included  the  Coniston 
grits  of  Prof.  Sedgwjck :  these  last  contain  but  few  species.  The  fossils  of  the 
Bogmine,  Shelve,  Shropshire,  are  also  thus  placed,  as  they  are  nearly  all  Upper 
Silurian  species. 

The  Ludlow  column  embraces  the  Lower  and  Upper  Ludlow  rocks  and  the 
intervening  Aymestry  limestone ;  whilst  the  term ''  Passage-beds"  refers  to  that 
thin  band  only,  which  exhibits  a  passage  from  the  Upper  Ludlow  to  the  Old  Bed 
Sandstone— the  Downton  Castle  stone  being  retained  with  the  former  (pp.  149^ 
166). 


[In  the  following  list,  referenoes  are  made  to  the  Woodcuts  of  Fossils  in  the  text,  and 
to  the  Plates  at  the  end  of  the  work,  in  a  distinct  and  darker  type.] 


PLAKTA. 

AcTiNOPHYLLUM  plicatum,  PhiL  M.  G.  S.  ii.  p.  386 

Chondrites  regularis,  Harkn.  G^l.  Joum.  xi.  p.  473 

?  Crusiaha  semiplicata.  Salt.,  Fo8B.  4.  f.  3 

FucoiDSS,  n.  sp.,  F088.15.  p.l06 

Ltcopodiacba,  p.  287.  FL.  36.  f.  30 

PALiBOCRORBA  major,  M'Coy,  Pal.  Fos.  t.  1 A 

minor,  M'Coy,  Pal.  Foe.  1 1  A | 

teres,  Harkn.  Geol.  Joum.  xi.  p.  474  ..J 

Spongarium  fiequistriatum,  M*Coy,  Pal.  Foe.  p.  42 

Edwardsi,  Murch.,  PI.  12.  f.  3 ! 

interlineatum,  M'Coy,  Pal.  Foe.  p.  43..  ' 
interruptum,  M*Coy,  Pal.  Foe.  p.  43   ... 

Trichoidks  ambiguue,  Harkn.  Geol.  Jour.  xi.  p.  474| 

AMORPHOZOA. 

AcANTHOSPONOiA  Silurieusis,  M'Coy,  Sil.  Foe. p.  67' 
Clioka  (Vioa)  antiqua,  Portl.  Geol.  Rep.  p.  360..' 

priaoa,  M'Coy,  Pal.  Foe.  t.  IB.  f.  1  ' 

CvBMiBivM  tenue,  Lone,,  F1.38.  f.  11 ! 

Stromatopora  etriatella,  d'Orb.  (S.  oonoentrica,! 
Sil.  SyBt),Fofl8.Sl;FL41.f.31  ...I 
?  Ybrttcillopora  abnormis,  Lone.,  Fl.  38.  f.  10. . .' 


ZOOPHTTA. 

AoBRYXTLARiA  ananas,  Linn.,  Fo88.S3.  f.  6;  F1.39.! 

f.  6.  (Cyath.  dianthua,  f.  12  a.)    I 

Alybolitbs  Grayi,  Edw.  Brit  Cor.  p.  262 | 

Labechei,  Edw.  (FaTosites  spongitee,' 
Lone.),  Faw.l7.f.5;  PL  40.  f  8... I 
repens,  linn.  (Fav.oculata),  Fo68.17.  f  6| 
?  seriatoporoidee,  Edw.  Br.  Cor.  p.  263. . . ! 
Arachvophtllum  typus,  M'Coy,  Fo8S.52.  f.6  .. 
(?S(romDodee  Murchieoni,  Phillipei, 
diffluene,  Labeohei,  M.-£dw.  Aoerru- 
lariaBaltica,F1.39.f.8.) 
AuLAcopHTLLUM  mltratum.  His.  Leth.  Suec.  p.  100 


r. 

Ij 


♦? 


1 1 1 


^ 


1  _ 
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AuLOPORA  8erpextf,&c.  (see  Syringopora,  Bryoxoa, 
&c.)  I 

Cu^sTBS  ?Fletcheri,  Edw.,  F1.40.  f.9 

pulcheUus,  Edw.  Brit  Cor.  p.  267    

Cladocora  sulcata,  Lons.  (see  C^athophyllum). 
Clisiophyllum  vortex,  ^*^Z'       '  ^^^  P*  ^  "* 
Chonophyllum  perfoliatum,  £dw.  Brit  Ck)r.  ^.291 
CcEKiTBS  intertCTtus,  Eichw.  (limaria  frutioosa, 

Lons.),  PL  38.  f.  8 

juniperinuB,  Eichw.,    Foss.  19.  f.  3. 

(Limaria  dathrata,  Fl.  38.  f.  7) 

iabrosuB,  Edw.  Brit  Cor.  p.  277  

linearis,  Edw.  Brit  Cor.  p.277 

strigatus,  M'Coy,  PaL  Fos.  p.  22 ' 

Cyathaxonia  Silurienas,  M^Coy,  PaL  Foe.  p.  36. . . 
Cyathophyllum  angustom,  Lons.,  FL  39.  f.  9  ... 
articulatum,  Wahl.  (caMpitosum,  Lons. 
nan  Ooldf.),  Fo68. 53.  f.  1 ;  PL  39. 
f.  10.  (Gladocora  sulcata,  Sil.  Syst  ?, 

PL38.f.9)    

flexuosum,  Lons.,  PL  39.  f.  7   

LoTeni,  Edw.  Brit  Cor.  p.  280 

tnmcatum,  Linn.,  Fo8S.  53.  f .  2  (C. 
dianthus,  Lons.,  FL  39.  f.  12,  12  b, 

e,cL)    

Cystifuyllum  brevilamellatum,  M'Coy,  Pal.  Foe. 

p.  32 

cyUndricum,  Lons.,  FoflS.  53.  f.  8 ;  PL 

38.  f.  3 

Grayi,  Edw.  BritCk)P.  p.297   

Siluriense,  Lons.,  Foss.  53.  f.  7 ;  PL  38. 

f.l    

DiPiiYPHYLLUM  flexuoeum,  d'Orb.  Prod.  p.  48 

Favositbs  alyeolaris,  BlainT.  (F.  aspera,  d'Orb.), 

FoB8.17.f.4;  P1.40.f.  1.2 

oristata,  Blum.,  Fo68.17.f.  1 ;  PL4Lf.2 

(P.  polymoroha,  Sil.  Syst)   

Gothlandica,  Linn.,  Fo68.  17.  f.  2,  3 ; 

a7.f.6;  PL40.f.3,4 

Hisingeri,  Edw.  Brit  Cor.  p.  259    

multipora,  Lons.,  Fl.  40.  f.  5 

oculata,  Goldf.  (see  Alreolitee). 

FiSTCLiPORA  dedpiens,  M*Coy,  Pal.  Fos.  p.  11  ... 

Ck>Ki0PHYiiLUM  iletcheri,  Edw.  Brit  Cor.  p.  290.. 

pyramidale,  His.  Leth.  Suec.  p.  101 

HALYsrrss  catenularius,  Linn.  (Catenipora  escha- 
roides),  Fofl8.19.  f.  6 ;  28.  f  4 ;  FL.  40. 

f.l4 

Heliolites  favosus,  M'Coy,  Pal.  Fos.  p.  1 5 

Orayi,  Edw.  Arch.  Mus.  v.  p.217 

inordinatus,  Lons.,  Fo68. 27.  f.  5 ;  PL 

38.  f.  12.  (Porites,  Sil.  Syst.)   

sp.  (Porites  inordinata,  M'Coy,  Sil.  Fos. 

Irel.p.62)  

interstinctus,  Wahl.  (Porites  pyriformis, 
SiL  Syst),  F088. 18.  f.  a-5;  PI.  39, 
f.  2  
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Hkliolitbs  megastoma,  M*Coy,  Fobs.  27.  f.  7 

petalliformis,  Lons.,  Toss.  18.  f.  2 ;  PL 

39.  f.  4.  (Pontes,  SiL  Syst) 
subtaliB,  M^Coy,  PaL  Fos.  p.  17 
tobulatus,  L(mB.,Fo68.18.fl  1 ;  FL39.f.3 
?diBOoideuB  (Poritoe),  PL  39.  f.  1 

Labbchia  oonferta,  Lons.,  PL39.  f.  5 

LoNBDALBiA  WonlockonBis,  M'Coy,  Pal.  Fob.  p.  34 

Nbbulipora  Boworbanki,  Edw.  Brit  Cor.  p.  268 
explanata.  M'Coy,  Pal.  Fos.  p.  23. 
favulosa,  PhiL,  Fobs.  10.  f.  22 


▼ar.  lens,  M'Coy,  Fo68.12.  f.  13 
papillata,  M'Coy,  Pal.  Fos.  p.  24 
Omphtma  Murchisoni,  Edw.,  PL  38.  f.  2 

tarbinatum,  linn.,  Fobs.  53.  f.  4,  5. 

(Cyathophyllum,  Lons.,  PL  39.  f.  11) 
Palaoctclus  Fletchori,  Edw.  Arch.  Mus.  v.  p.  205 

porpita,  linn.,  Fo68.52.f.3,4  

pnoacutus,  Lons^and  lenticulatus,  Lons. 

mmSchlot),  ll41.£.4,  5  

nigosus,  Edw.  Arch.  Mus.  v.  p.  206 
Petraia  eMuisulcata,  M'Coy,  Pal.  Fos.  p.  39 

bina,  Lons.,  Fo6B.  52.f.  7, 8 ;  PL  38.  f.  5 
elongata,  Phil.,  PI.  38.  f.  6 
rugosa,  Phil.  P.  F.  p.  7  .... 
subduplicata,  M'Coy,  Fobs.  14.  f.  11 ; 

28.  f.  3 

uniaorialis,  M'Coy,  Pal.  Fos.  p.  41 
ziczac,  M'Coy,  Pal.  Fos.p,60  .... 
Ptychophyllum    patellatuxn,  Scfal   (Strombodes 

plicatum,  Lons.),  FoBB.  52.  f.  5 ;  PL 

38.  f.  4 


Ptritonbma  fasciculus,  M'Coy,  PaL  Fos.  p.  10 
Sarcinula  organum,  Linn.,  F0B8.27.  f.4  . 
Stenopoba  fibrosa,  Ooldf.,  FoBB.  17.  f.  7 ;  28.  f.  1 ,2 

(Favositos,PL40.f.6,7) 

Tar.  incrustans,  M'Coy,  FosB.17.  f.8; 
PI.4L  f.  1.  (AlTcolitos  fibrosa,  Lons.) 
var.  L^coperdon,  Hall,  FoBB.  28.  f.  2 
Strbphodes  Craigensis,  M'Coy,  Pal.  Fos.  p.  30 . 
pseudoceratitos,  M'Coy,  Pal.  Fos.  p.  30. 
trochiformis,  M'Cov,  Pal.  Fos.  p.  31    . 
yermiculoidos,  M'doy,  FoBB.  53.  f. 3 ... 
Syringopora  bifurcata,  Lons.  (reticulata,  Lons.  non 
Goldf.),  FoBB.  19.  f.  2,  4,  5 ;  PL  40. 

f.  10, 11  

?-c8Dspitosa,  Lons.,  PL  40.  f.  13 

fascicularis,  Linn,  (filiformis,  Lons.  ?,  Au- 
lopora  tubffiformis,   Lons.),   PI.  40, 

f.l2;  PL 41.  f.8  

serpens,  Linn.  ( Aulopora  serpens,  oonglo- 
merata,  Lons.  non  Goldf.),  PL 41.  f.  6, 9 
'  Lonsdaleana,  M'Coy,  SU.  Fob.  p.  65 

Thbcia  Gra^ana,  Edw.  Brit.  Cor.  p.  279 

I  Swindemana,  Goldf.  (Porites  cxpatiata, 

I  SU.  Syst),  Fobs.  52.  f.  1, 2 ;  PL  41.  f.  3. 

Zapurentib  (Caninia)  lata,  M'Coy,  Pal.  Fos.  p.  28 
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AcTiKOCBiMUspulcher,  Salt  App.  Pal.  Foe.  p.L... 
AoBLACRiKus  Buchianus,  ForbcB,  F088. 30.  f.  6. . . 
Apiocystitbs  pentremitoides,  Forbes,  F088.  54. 

Caktoctstitss  (p.  207),  (see  Ediinoepharites  and 
Sphseroiiites). 

CnsiROCiUNus  I  serialis,  Aust  MS 

ep.  with  branched  arms  (ooll.  Fletcher). 
CoPHiNUS  dubiuA,  Konig,  PI.  12.  f.  5  (tracks  of 

Crinoidea)  

CjtOTALOCRUfus  rugosus,  Mill,  sp.,  PL  13.  f.  3 ; 

P08S.56.1.4-7    

Cyathocbinus  arthriticus,  Phil.,  PI.  14.  f.  7  .. 
I  capillaris,  Phil.,  PI.  15.  f.  3  (Foterio- 

criniis  radiatus,  Austin)    

(Poteriocrinu8)DudleYensis,  AiUftin,Ann. 

I  N.  Hist.  1843,  p.  195 

'  goniodactyluB,  Phil.,  PL  14.  f.  3 

DiMEJtocRiNUB  decadactylus,  Phil.,  PL  13.  f.  5  ...| 

ioosidactylus,  Phil.,  PL  13.  f.  4  1 

FaiiNO-ENCBiHiTES  armatus,  Forbes,  Fo6a54.f.  6, 

I  baocatus,  Forbes,  F088.  54.  f.  5 

iFcHiKOSTHJtBiTES  arachnoidous,  Forbes,  M  G.  S. 

iip.  518 

I  aurantium,  Gyll.  M.  G.  S.  ii.  p. 516  ... 

Baliicus,  Eichw.,  F068. 30.  f.  1  

I  Davisii,  M'Coy,  sp.,  PaL  Fos.  p.  61 

(Garyocystitee)  granatus»  Wahl.,  F068, 

!  granolatus,  M'Coy>  F068. 30.  f.  3 

'Enallocrihus  punctatus,  His.  Leth.  Suec 

EucALYPTOCBiNus  (Hypanthocrinus,  Phil.)  deoo- 

rus,  Phil.,  K.  14.  f.  2  

,    •          granulatus,  Lewis,  Lond.  G.  J.  t.  21 
I                polydactyluB,  M'Coy,  Pal.  Fos.  p.  58 
Glyftocrinus?  basalis,  M'Coy,  Fo68.29.  p.  206 
I  expansus,  Phil.,  PL  15.  f.  1,  2 

(Trochocrinus)  lievis,  Portl.  G.  B.  p.  345 

I  sp.,  PI.  10.  f.  1  

Glyptocystitbs  (see  Pleurocystites). 
Uejuicosmitbs  pblongus,  Pand.?,  M.  G.S.  ii.  p.  511 

pyriformis,  Buch,  M.  G.  S.  ii.  p.  511  ... 

sqnamoeus,  Forbes,  M.  G.  S.  p.  510 

IcnruYOCRiNUS  pyriformis,  Phil,  sp.,  Fl.  14.  f.  8 

IsciiADiTBS  Eoeni^i,  Murch.,  PI.  12.  f.  4   

Lepidastee  Qrayi,  Forbes,  Decade  3.  t.  1  

MACR08TYIX>CBINU8,  (Hall)8p 

Mabsupioceinus  ceclatus,  Phil.,    PL  14.  f.   1 

F08S.55.f.  1-3    

PALAiSTEB  asperrimus.  Salt.,  FoBS.  31.  f.  2 

coroneUa,  Salt.  Ann.  N.  H.  s.  2.  xx.  p.  326 

hirudo,  Forbes,  F0B8.  56.  f.  2 


t  This  and  other  MS.  names  are  only  introduced  for  im- 
portant fossils,  and  can  have  no  authority  :  the  above  u 
the  PendulocrinuB  of  Austin,  MS. 
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Palaastkr  obtiulu,  Forbes,  «>.,  F068.  31.  f.  1 

Buthyeni  Forbes,  F08B.  66.  f.  3 

Pakbchinus?  PhillipeisB,  Forbes,  M.  G-.  S.  ii  p.  384 

Palaocoxa  Colvini,  Salt,  FO08.  20.  f.  4  

cygnipes,  Salt  Ann.  N.  H.  s.  2.  xx.  p.  3 

Marstoni,  Salt,  F08B.  20.  f.  3 

(BdeUaooma)  yermiformift.  Salt   Ann. 

N.  H.  ser.2.  xx.  p.  329 

Palaodiscub  finrox,  Salt  A.  N.  H.  s.  2.  xx.  p.  333 
Palastkriva  primffra,  Forbes,  F08S.  56.  t  1  ... 

PsRIBCHOCItlNUS,  Bp 

articolosus,  Aust  Ann.  N.  H.  1843,  p.  204 

monUiformiB,  Hill.,  PL  13.  f.  1,  2  

P18OCIUVUB  ?  omafcoB,  Kon.  Bull. A.B.  Bnix.  iv.  p.93 
pilula,  Kon.  Bui.  A.  B.  Brux.  iv.  p.  93 

Plattcunub  (Actinoc.)  redariuB,  Phil.,  PL  14^f  9' 

Plburoctbtitbb  (G^lTptocYBt)  Bugeri,  Salt,  p.  229 

PoTERiocRiKVB  (see  Cyathocr.  DudleyensiB,  Aust.' 
Ann.  N.  H.  1843,  p.  195).  I 

Protabtsr  leptosoma,  Salt  A.  X7.  H.  s.  2.  xx.  p.  331 1 

Miltoni,  Salt,  FoflS.  20.  f.  1,  2  ' 

Salteri,  Sedgw.  G.  J.  i.  p.  20 | 

Sedgwioki,  Forbes,  FoflS.  56.  f.  4 

PRUNOCYBTrriB  Fletcheri,  Forbes,  F08B.  54.  f.  3  I 

PsEUDOCRiNiTiB  bifaBciatuB,  Pearoe,  M.G.S.  iLp.496 

magnificuB,  Forbes,  F08B.  54.  f.  1 

oblonffUB,  Forbes,  Mem.  G-.  S.  iL  p.  499 1 

qnadnfasciatuB,  Pearoe,  F088.  54.  f.  2 

Bhodocrinvb  ?  quinquangularis,  MiU.  Grin.  p.  109' 

BiiopALOcoMA  pjrotechnica,  Salt  A.  N.  H.  xx.  p.329; . ..... 

Sagsnocrikvb  Jsee  GUyptocrinufl).  | 

SmjERONiras  Litchi,  tx)rbes  (CaryocTBt  p.  207),; 

M.  G.  S.  ii.  pt  2.  p.  514 

munituB,  Forb.  (CarrocyBt  )Fo68.30.  f.  4| 

punotatuB,  Forbes  (Echinosph.  p.  207), 

FoBS.30.f.2   ' 

pyriformiB,  Forbes  (Garjocyst),  M.  G.  S. 

ii.  p.  515 

Taxocrinvb  (<>athocr.  p.  246)  Orbignyi,  M*Coy, 

Pal.  Foe.  p.  53  

tesseraoontaoactyluB,  His.,  PL  14.  f.  4 
(G3ratih.  Bimplex,Phil.;Phoenioocrinites, 

Austin)    

taberoulatuB,  MiU.,  PL  14.  f.5 

Tbtragonib  Danbyi,  M'Coy,  Pal.  Foe.  p.  62  

Trtramsrocrinus  formoBUB,  Aust  A.  N.  H.  1843, 

p.  203 

Trocuoceiitub  (see  GlyptocrinuB). 

ahvelzda. 

ApHRonrrA,  Pord.  Geol.  Bep.  p.  362   

Arxnxcoliteb  linearis.  Hall,  sp.,  F08B.  3  

CnoNDRrrEB  ?  aoutan^us,  M*Coy,  Pal.  Fos.  1 1  A 
CHONDRrrBS?  infomuB,  M'Coy,  Pal.  Fob.  t  1  A... 
CoRNVLiTis  serpulariuB,  Schl.,  PI.  16.  f.  3,  10; 

Pl.lO.f.2 

Crobbopodia  lata,  M'Coy,  Pal.  Fos.  p.  130 
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Crossopodia  £k»tic8,  M'Coy,  Fobs.  42.  f.  4  ... 
LuHBRiCABiA  antiqua,  Portl.  Geol.  Bep.  p.  361 
■  Portl.  GeoL  Bep.  p.  361  ... 
Mtrianites  Ilacleayi,  Murch.,  Fo68. 42.  f.  1 . . . 

tenuis,  M'Coy,  Pal.  Fob.  p.  130    

Nbmbrtites  Olliyantii,  Murch.  SiL  Syst  p.  701 
Nbrbitbs  CambrenBiB,  Murch.,  Fo8B.  42.  f.  3 

multiforis,  Harkn.  G.  J.  xi.  p.  476  ... 

Sedgwickii,  Murch.,  FoSB.  42.  f.  2 ... 
Sbepuutes  curtuB,  Salt  Mem.  G-.  8.  ii  p.  333 

dispar,  Salt  PaL  Fob.  App.  p.  L  

longiflsimuB,  Murch.,  Fl.  16.  f .  1 

?l£u;Cullochii,Salt,  Fofl8.43  

penrerBus,  M*Coy,  Q-.  J.  ix.  p.  16 

Spirorbis  Lewiflii,  Sow.,  rL  16.  f.  2   

Tentaculitbb  AnglicuB,  Salt,  FL  1.  f.  3 ;  10.  £  3 ; 
Fo«i.l2.f.4 

omatuB,  Sow.,  FL  16.  f.  11 

tenuis,  Sow.,  FL  16.  f.  12 .. 
Trachtdbbma  antiquiBsima,  Salter,  Malyem  Proc. 
ptl 

ooriaoea,  PhiL  Mem.  Q.S.  ii.p.  331 

IflBTiB,  M'Cqv,  Pal.  Fos.  p.  133 

squamosa,  PhiL  Mem.  G.  S.  ii.  p.  332 . . . 

CRUSTACHA. 

AciDASPis  Barrandii  Fletch.,  Fobs.  64.  f.  9 

bispinosa,  M'Coy,  Fobs.  46.  f.  6 

Bnghtii,  Murch.,  FoBB.  64.  f.  8 ;  FL  18. 

f.7,8 


callipareoB,  Thoms.  G.  J.  xiii.  p.  208 
Oaractad,  Salt  G.  J.  xiii.  p.  211  


ooronata,  Salt  G.  J.  xiii.  p.  210  , 

crenata,  Emm.  sp 

Dama,  Fletch.  and  Salt,  Morris  Oat  p. 

dumetosa,  Fletch.  and  Salt,  Morris  Cat. 
p.  99 

hystrix,  Thoms.  G.  J.  xiii.  p.  207 

Jameflii,  Salt  Dec.  7.  t  6 

Lalage,  Thorns.  G.  J.  xiii  p.  206 , 

quinquespinosa,  Fletch.  &  Salt,  Morris 
Cat  p.  99 

imiea,  ThomB.  G.  J.  xiii.  p.  209    

^GLiMA  binodosa,  Salt,  FoBB.  8.  f.6 

grandis,  Salt,  FoBB.  9.  f.  6 

major,  Salt  Dec.  G.  S.  7.  pL  10.  p.  4 

mirabilis,  Forbes,  FoBB.  26.  f.  3 

Agnobtus  limbatus,  Salt.  MS.  (trinodus,  part.,  M. 
G.S.Tol.ii._ptLpL8.f.ll)  

Maccoyi,Salt,F0BB.10.f.5;  F1.3. f.7,8 

pisiformis,  Brong.,  FoBB.  4.  f.  4;  9.f.  9 

trinoduB,  Salt,  FoBB.  44.  f.  6 

n.  sp.,  Fobs.  9.  f.  10.  p.  53 

Amphion  pseudoarticulatus,  PorU.G^l.Bep.  p.291 
Ahpyx  mammillatus,  Sara,  ib.  p.  261  

nudus,  Murdi.,  FoBB.  46.  f.  7;  Fl.  4. 
f.  9, 10 
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Ampyx  parvulufl,  Forbes,  Mem.  Q-.  S.  p.  350  ... 
rostratufl,  Sara,  PorU.  G.  B.  p.  2G0  ... 
tumidus,  Forbes,  Dec.  G.  S.  2 

Angbuna  Sedgwiokii,  Salt,  FoflS.  9.  f.  2  

Bubannata,  Salt,  F068.  9.  f.  3 

AsAPHUS  eigaa,  DeKay,  F08B.  26.  f.  1    

Jbvioepe,  Portl.  sp.,  Geol.  Bep.  p.  2d9 
latioostatuB,  Green,  Pal.  Foe.  p.  170 
Powisii,  Murch.,  F088. 44. 1 1 ;  PL  2. 

f.2 

rectifrons,  Portl.  Geol.  Hop.  p.  298 
Selwynii,  Salt  MS.  (aee  Ogygia). 
tyrannua,  Murch.,  F068. 10. f.  1  ;  FLL 
f.4,6;  a.f.  1    

BcYKiCHiA  affinia,  Jones,  Ann.  N.  H.  s.  2.  xtL  p.  1 70 
Barrandiana,  Jones,  Ann.  N.  H.  xri  p.  17 1 
bioomis,  Jones,  Ann.  N.  H.  xvi.  p.  173 
oomplicata, Salt, F08Ba0.f.  10a;  44.f.7 
Kkedeni,  M'Coy,Fo8B.63.f.4;  F1.34. 
f.21 


seminulum,  Jones,  Ann.  N.  H.  xvi.  p.  171 

siliqua,  Jones,  Ann.  N.  11.  xvii.  p.  UO  . . 

strangulata.  Salt  Pal.  Fos.  App.  p.  ii... 
Bromtkus  IlibmiicuB,  PorU.  Geol.  Bep.  p.  270  . 

laticauda,  Wahl.  sp 

Calymxne  Blumenbachii,  Brong.,  F088. 12.  f.  1 ; 
PL17.f.  1;  18.f7l0  

broricapitata,  PortL,  F088.  10.  f.  9; 
44.f  4  

duplicata,   Murch.,  F068.  10.  f.   10; 
fc.3.f.6  

obtusa  (Otarion),  M'Coj,  Sil.  Fos.  p.  54 

parrifrons.  Salt,  F08B.  9.  f.  4 

tuberculosa.    Salt,    Fo08.    63.    f.    2; 

PI.18.f.  11    

CxRATiocARis  (+Leptochele6)  ellipticus,  M'Ck>7, 
Pal.  Fos.  p.  137 

inomatus,  M*Ooy,  PaL  Fob.  p.  137 

leptodactylus,  M'Coy,  Pal.  Fob.  p.  175 

Murchifioni,  A£.,  PL  19.  f.  1,  2  

papilio,  Salt,  F08B.  65.  p.  262 

6  other  species    

CuEiRURUS  bimucronatuB,  Murch.,  F068. 64.  £.4; 
PL3.f.5;  19.  f.  10,11 

cancrurus,  Salt  Dec.  G.S.7 

dayifrons,  Dalm.,  F068. 46.  f.  1 

gelasinosuB,  Portl.  sp.,  Geol.  Bop.  p.  289 

octolobatuB,  M*CJoy,  Pal.  Fos.  p.  hA  ... 

Sedgwickii,  M'Coy,  Pal.  Fos.  p.  155 

C0NOCEPIIALU8  invitus.  Salt,  FoflB.  7.  i.  I 

Ctbble  rugosa,  Portl.  sp.,  Gtx)l.  Bep.  p.  302 

Terruoosa,  Dalm.,  FoB8.46.  f .  2 

Ctpoaspis  megalops,  M*Coy,  FoBB.  64.  f.  2 

pygmaeus,  Salt  Dec.  G.  S.  7 

Cypiioniscus  Bocialis,  Salt,  F06S.  46.  f .  8 

Cytiib&b  ?  umbonata,  Salt  Pal.  Fos.  App.  p.  ii.... 

?  phaseolus,  M'Coy  (not  of  Hisingcr) ... 
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Cythbropsis  Aldensifi,  M*Coy,  Pal.  Fos.pl.  1  L.  f.  2 

Deiphon  Forbedi,  Barr.  S.  S.  Bohem.  p.  814 

DiTHYKOCARis  ?  aptychoidos,  Salt  G.  J.  Tiii.  p.  391 
Ellifsockphalus  diepressus,  Salt.,  Fobs. 7.  f.2... 
Emckivurus  baccatus,  Portl.  sp.,  Qeol.  Bep.  p.  262 

multilBegmentatus,  Portl.  Qeol.  Bep.  p.201 

puncta^  Brimn.,  F068. 14.  t  10 ;  64. 
f.5;  PL  10.  f.  6  

texoostatus,  Salt.  Dec.  Q.  S.  7.  t  4  . 

Tariolaris,   Brongn.,   F0B8.  64.  f.  G; 

PL  18.19 

EuBTFTSRUS  abbreviatuB,  Salt  G.  J.  Yol.  tv 

acuminatufl,  Salt  G.  J.  vol.  xv 

ceplialaspis,  Salt  Pal.  Foe.  App.  p.  t... 

chartariu8,Salt  G.J.  vol.  XV 

lonoeolatus,  Salt  Dec.  G.  S.  10.  pL  1.  f.  17 

linearis,  Salt  G.  J.  vol.  xv.   , 

megalops,  Salt  G.  J.  voL  xv. 


pygnueuB,  Salt,  F088.  66.  f.  1 
J  Dopani,  Portl.  Geol.  Bep.  p.  267 


IIakpbs 

Flonagani,  Portl.,  Foos.  46.  f.  4 
PIouALONOTus  bisulcatus.  Salt,  Fo68.9.f.5 ;  12.  f.2 

delphinocephaluB,  Green,  F088. 16.  f.  1 

Knightii,  Konig,  PI.  19.  f.  7-9   

pudifl.  Salt  Pal.  Fos.  p.  168 

Vulcani,  Murch.,  PI.  2.  f.  3,  4 

Hymbnoca^is  vermicauda.  Salt,  FoflB.  5.  f.  1  ... 
ILL2BKU8  Barriensis,  March.,  PL  17.  f.  9-11  

Bowmanni,  Salt  Dec.  G.  S.  2  

Davisii,  Salt,  F06S.  44.  f.  2   

Mupchisoni,  Salt  Dec.  G.  S.  2 

ocularis.  Salt  Dec.  G.  S.  2    

perovalis,  Murch.,  PL  4.  f.  13, 14 ;  23.  f.  7 

Poraockii,  Salt  Dec.  G.  S.  2 

Leperditia  marginata,  Keys.?  Ann.  N.II.  xvii.  p.91 

Solvcnsis,  Jones,  Ann.  N.  H.  xvii.  p.  95. 
LiCHAS  Anglicus,  Beyr.,  FoBB.  63.  f.  1  

Barrandii,  Fletch.,  F0B8. 63.  f.  3  

Qrayii,  Fletch.  G.  J.  vi.  p.  237 

hirsutus,  FlctckG.  J.vi.  p.236  

laciniatus,  Dalm.  Pal.  Fos.  App.  p.  iv — 

laxatus,  M'Cov,  Fobs. 44.  f.5 

nodulosus,  Salt  Pal.  Fos.  App.  p.  iv   ... 

Salteri,  Fletch.  G.  J.  vi.  p.  237 

verrucosus,  Eichw.  M.  G.  S.  u.  p.  340... 
LiHULOiDES,  sp.  M*Coy,  Pal.  Fos.  pL  1 «.  f.  12    ... 

2other  species 

OoYQiA  Buchii,  Brongn.,  FoBB.  10.  f.2;  PL 3. 
f.1.2  

Oomdensis,  Murch.,  PI.  3.  f.  4    

Portlockii,  Salt,  FoBB.  10.  f.  3    

scutatrix.  Salt,  Fobs.  9.  f- 1    

Selwynii,  Salt,  FoBB.  9.  f.  8    

Olekus  aLatusi  Beck  (Angelin,  Pal.  Suec.  pt  i.)... 

bisulcatus,  Phil.,  FoBB.  6.  f.  2 

humilis,  Phil.,  FoBB.  6.  f.  1 

micrurus,  Salt,  Fobs.  4.  f.  2  


»? 
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Olbnus  loanbaoicUM,  Salt,  Fobs.  6.  f.  3  (O.  spl 

nuloflus,  PhiL)    

Paraooxidbs  Foichhammeri,  Anf.,  Foss.  &.  £1  2 
Phacofs  alifiroDA,  Salt  PaL  Fob.  App.  p.  iL 
amphora,  Salt  Dec.  G.  S.  7.  p.  12 


till 


apiculatuB,  Salt,  FosB.  13.  f  3 

Brongniartii,  PoitL  QeoL  Bep.  p.282 

caudiUuB,  Brongn.,  PL  17.  f.2;  18.  f.  1 

oonophthalmua,  Boeok,  Fobs.  46.  f.  3 ; 
rt4.f.ll,  12  

Balmaimi,  PortL  GeoL  Bep.  p.  282 

DowningUD,  Murch.,  F088.M.  1 3;  PL 
18.  f.2 

Jameni,  PortL  GeoL  Bep.  p.  283 

Jukeni,  Salt  Dec.  G.  S.  7.  p.  U 

longicMidatoa,  Murch.,  PL  17.  t  3-6 . 

muoroiiatuB,  Brongn.  Deo.  G.  S.  7  .... 

obtuaicaudatuB,  Salt  Dec  G.  8.  7    .... 

Stokeni,  Edw.,  PL  10.  f.  6;  18.  f.  6  . 

Bubheyia,  M'Ck)^,  Sil.  Fos.  IreL  p.  51   . 

tnmcatocaudatus,  PortL,  Fobs.  12.  f.  3, 

Weaveri,  Salt  Dec.  G.  8.  2.  p.  7 

Proitus  latifroDB,  M'Coy,  Fobs.  64.  f.  7 

Stokeeii,  Murch.,  PL  17.  f.  7    

Protichnitks  SooticuB,  Salt,  F088. 23.  p.  168. 
PrfRYOOTUs  aouminatua,  Salt,  FoflB.  26.  f.  6    . 

AnglicuB,  Af  .,  F08S.  2L  f.  1    

arouatos.  Salt  Dec.  G.  8. 10.  pi.  13.  f.  5. 

gigaa.  Salt  Dec  G.  S.  10.  pi.  9 

Ludenns,  Salt  Dec  G.  S.  10.  pi.  14   . 

problematicuB,  As.  Dec  G.  8.10.  pL  12.  f.9 

punctata,  Salt  Dec  G.  8. 10.  pi.  10-13. 

Btylops,  Salt  Dec  G.  8. 10.  pL  12.  f.  4-7 

8p.,PL10.f.4 

(Subgenus  Himaktoptbrus.) 

BwikBU,  Salt  Dec  G.  8.  10.  pL  12.  f.  25. 

bUobuB,  Salt,  F08B.  26.  f .  1 

peromatufl,  Salt  Dec.  G.  S.  10.  pL  1.  f.  13 
var.  plicalaammug,  Salt  id.  pi.  1.  f.  16. 
Parka  dedpiena,  Flem.  (eggs  of  Ptenrgotus  ?)    . . 
Bbmoplkcridbs  Colbii,  Portl.  GeoL  Bep.  p.  256. 

dorso-spinifer,  Portl.,  FoflS.  46.  f.  5  .. 

lafcero-spinifer,  PortL  GeoL  Bep.  p.  256 

longi-costatus,  Portl.  GeoL  Bep.  p.  257 

obtusuB,  Salt  Dec  G.S.  7.  p.  9. 

pla^^oepB,  M*Ooy,  Sil.  Fob.  p.  44 

radianB,  Barr.  8.  8.  Bohem.  p.  32 

Spharexochus  mirufl,  Beyr.,  Fobs.  64.  f.  1 


Bp. 


Stauroobpiialus  globioepe,  Portl.  GboL  R  p.  257 
Murchifloni,  Barr.  8.  8.  Bohem.  p.  812 

STTaiiTA  latifroDB,  PortL,  F068.  26.  f.  2 

MurchiBonn,  Murch.,   F068.  10.  f.  4; 

P1.4.f.  1    

T1RB8IA8  inBCulptuB,  M'Coj,  Sil.  Fob.  p.  43    

Trimuclbub  oonoentricuB,  Eaton,  Fobs.  10.  f.  8 
44.f.3;  46;  PL  4.  f.  2-5 


} 
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Trinucleus  fimbriatus,  Murch.,  F0B8. 10, 

PL4.f.7   

Gibbflii,  Salt,  F08B.  9.  f.  7 

Lloydii,Murch.,PoBS.10.f.7;  PL4.f.6 
Murchuonii,  Salt,  F088.  8.  f.  7 

radiatus,  Murch.,  PI.  4.  f.  8 

setioonuB,  His.,  F088. 13.  f.  1,  2 
Thenites,  Salt  Dec.  G.  S.  7 


BBTOZOA  (or  Polyzoa). 

CiLLEPOBA  faYOsa,  Goldf.  Pet  p.  217 

Cbriopora  affinis,  Gk>Idf.  Pet  p.  216  

granulosa,  Goldf.,  Fl.  41.  f.  29    

DiAfiTOPORA  heterogyra,  M^Coy,  Pal.  Foe.  p.  45 

irregularis  (Berenioea,  Lons.),  P1.4L  f.  20 

DiCHOGSAPsus  Sedgwicki,  Salt  MS 

DiCTTOMSMA  (Graptopora)  B0ciale,Salt,F08B.7.  f.  3 
D1DTM0011AP8U8  caduoeus.  Salt  Geol.  Jour.  iz.  p.  87 

geminus,  His.,  F086.  8.  f.  8 

Murchisonii,  Beck,  F08S.  10.  f.  13 ;  U. 
f.9;Pl.l.f.l 

seztans.  Hall,  F08B.  U.  f.  8 

D1PLOGRAP8US  bullatus,  Salt  Geol.  Jour.  Til.  p.  174 

foliaoeuB,  Murch.,  PLl.f.2 

folium,  His.,  F0B8.  U.  f .  6 

mucronatus,  Hall,PaL  N.  Y.  p.  268  . . 

nodoeus,  Harkn.,  F068.  U.  f.  5  

pennatus,  HarkxL  Geol.  Joum.  vii.  p.  62 

pristis.  His.  sp..  Fobs.  U.  f.  4;  12.  f.  14 

ramosus,  Hall,  sp.,  F08B.  11.  f  7    

rectangularis,  M'Coy,  PaL  Foe.  p.  8    « 

teretiiuouluB,  His.  sp.,  F068. 10.  f.  14 
D18OOPOSA  antiqua,  Lam.,  PL  4L  f.  21  

?  faToea,  Lons.,  PL  4L  f.  22 

smiamata,  Lons.,  PL  4L  f.  23 

EscHARiNA  r  angularis,  Lons.,  Fl.  41.  f.  10    

Fbnkotblla  assimilis,,  Lons.,  F088.  49.  f.  2; 
Fl-41.f.27   

capillaris,  Portl.  Geol.  Bep.  p.  323  

Lonsdalei,  d'Orb.,  F08B.  49.  f.  3.  (F. 
prisca,  Lons.,  PL4L  f  15-18) 

MiIleri,Lon8.,Fo8B.49.f.4;F1.4Lf.  17 

patula,  M'Coy,  Pal.  Fos.  p.  50 

r^gularis.  Pom.  Geol.  Bep.  p.  323  .. 

reticulata,  Lons.,  PL  41.  f.  19 

riffidula,  M'Coy,  Pal.  Foe.  p.  50  

Bubantiqua,  d'Orb.,  F0B8.  27.  f.  1.  (F. 
antiqua,  Lons.,  Fl.  4L  f.  16)   

undulala,  Pord.  GeoL  Bep.  p.  322  .. 
Glavoonome  disticha,  Goldf.,  FosB.  49.  f.  5 ; 

FL41,f.  12   

GRAFTOLrrHvs  Conybeari,  Portl.  G.  J.  Tiii.  p.  391 

Flemingii,  Salt  Geol.  Joum.  yiii.  p.  390 

Griestonensis,  Niool,  GeoL  Jour,  vh  p.  63 

latus,  M*Cov,  Pal.  Fos.  p.  4 

lobiferus,  M'Coy,  F06B.  10.  f.  11    ... 

Niooli,  Harkn.  GeoL  Joum.  vii  p.  61 
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Qraptolithub  Nibsoni,  Barr.  Oeol.  Joum.  vii. 
p.  61    

pnodon,  Broun  (G.  Ludensis),  Fobs.  U. 
13;  12.f.  16;  PL  12.  f.  1 

Sagittarius,  Linn.  Geo!.  Jour.  Tiii  p.  390 

Sodgwickii,  Port!.,  Foss.  U.  f.  2 

tenuis,  Portl.,  FoSB.  10.  f.  12  

HmROPORA?  crassa,  Lons.,  FI.  4L  f.  14 

Intricabia  obeoura,  PortL  Qeol.  "ELep.  p.  326. . . 

NiDULiTBs  favus,  Salt,  Fo68.27.  f.  3 

PHYLLOPOBA?(RBtepora)Hisingeri,  M*Coy,  Fo08. 

28.  f.  6 

PoLTFOBA?  crassa,  Lons.,  Fobs.  49.  f .  1 ;  PL4L 

f.  13.  (Homera,  Sa.  SystV 

Protoyiroulabia  diohotoma,  M'doy, Pal.FoB.  p.lO 
Ptilodictta  acuta,  Hall,  sp.,  Foes.  27.  f.  2 ... 

oostollata,  M'CoT,  Pal.  Foe.  p.  46    ... 

dichotoma,  Port!.,  F08B.28.  f.5 

explanata,  M'Coy,  Pal.  Fob.  p.  46  t 

fuooides,  M'Coy,  PaL  Fob.  p.  47 1 

lanoeolata,  Ixms.,  Fobs.  49.  f .  6 ;  Fl.  41. 
f.ll 

Bcalpellum,  LonB.,  Fobs.  50 ;  FL  41.  f.  25 
Bastbitss  Barrandil,  Harkn.  Geol.  J.  zi.  p.  475. 

perogrinus,  Barr.,  Fobs.  U.  f.  I 

Betbpoba?  infundibulum,  Lons.,  PI.  4L  f.  24  . 
BsTioLiTBS  GeinitdanuB,  Barr.  Ghrapt  Boh.  p.  69 

venoeus.  Hall,  Pal.  N.  York,  ii.  p.  40 ... 
f  AuLOPOBA  consimilis,  Lons.,  PL  41.  f.  7,  oelongg 

to  the Bryoioa :  prob.  Diastopora ?,Lons.] 

BRACmOPODA. 

Athtbib  Ciroe,  Barrande,  Bull.S.G^LFr.  ▼.  p.326 

?oboyata,  Sow.,  PL  22.  f.  16    

tomida,  Dalm.,  PL  22.  f.  20   

ATBTPA?crasBa,Sow.,  PL9.f.6-8 

hemisphffirica,  Sow.,  Fobs.  14 ;  PL  9.  f.  3^ 

marginalis,  Dalm.,  PL  9.  f.  2 ;  22.  f.  19 

orbiculariB  (var.  of  A.  reticularis),  Sow., 
PL  9.  f.  4,6 

reticularis,  Linn.,  FoBB.  14.  f.  5 ;  PL  9. 

f.l;  2Lf.  12,13  

Ohonbtsb  lata,  TOn  Buch,  PI.  20.  f.  8 ;  34.  f.  18 
Crania  craniolaris,  M'Coy,  sp..  Pal.  Fob.  p.  255. 

divaricata,  M'Coy,  sp.,  Fobs.  36.  f.  2.. 

Sedgwickii,  Day.  Bui.  S.  Gtol.  Fr.  t.  p.  3.'^^ 
DisciNA  (Orbicula)  crasBa,  Hall,  Pal.  N.  Y.  i.  p.  290 

Forbesii,  Dav.,  Fobs.  57.  f.  11    

implicata,  Sow.,  PL  20.  f.  4 

Iserigata,  Miinst.  ?  Geol.  Bep.  p.  345  . . 

Morrisii,  Dav.  Bui.  S.  G.  Fr.  v.  p.  334. 

oblongata,  Portl.  Geol.  Bep.  p.  415 

perrugata,  M'Coy,  Sil.  Fob.  p.  24 

punctata,  FoBB.  36.  f.  1 ;  PL  5.  f.  17. 

rugata,Sow.,  PL20.f.  1,  2;  36.f.27 

stniata,  Sow.,  PL  20.  f.  3 

subrotunda,  Portl.  Geol.  Bep.  p.  445  . , 
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D18CINA  Vemeuilii»  Day.  Bui.  S.  G.  Fr.  v.  p.  334. 
Lbftah A  Fletcheri)  Day.  (see  L.  transrenalifl). 

lavigata,  Sow.,  PI.  20.  f.  15 

beyissiina,  M'Coy,  Sil.  Fob.  p.  27 

mimma,  Sow.,  A  20.  f.  16 

qtiinqueoostata,  M'Coy,  F088. 34.  f.  3.. 

sdBBa,  Salt.,  p.  231  

serioea,  Sow.,  FoM.  33.  f.  6;  PI.  5.  f.  14; 
9.f.  18   

lablams,  M'Coy,  SiL  Foe.  p.  35  

tenuicincta,  M'Coy,  F0S8.  34.  f.  4.. 

transvenalifl,  Dalm.,  FL9.  f.  17 ;  20.  f.  17 
(L.  DuTalii  and  L.  Fletcheri,  Dav.  Bui. 
8.  a.  Fr.  V.  p.  317,  319)  

ungula,  MOoy,  PaL  Foe.  p.  249  

LiNGVLA  attenuata, Sow., F068. 10. f.l8 ;  PL5.f.l6 

breTi8,Portl.Geol.Bep.  p.443 

oomea,  Sow.,  F068.  22.  f.  3 ;  26.  f.  8 ; 
PL  34.  f.  2 

crumena,  PhiL,  F068. 12.  f.  5 

Davisii,  M'Coy,  Foes.  4.  f.  1 ;  9.  f.  11 

granulata,  Phil.,  F06S.  10.  f.  19 ;  36.  f.  4 

lata,  Sow.,  PL  20.  f.  6  

lepis,  Salt.  MS 

Lewisii,  Sow.,  PL  20.  f.  5    

longiBsima,  Pand.  ?  Pal.  Fos.  p.  252 

obfcusa,  Hall,  Pal.  N.  York,  p.  98.;... 

ovata,  M*Coy,  SiL  Fob.  p.  24    

parallda,  Phil.  Mem.  G.  S.  ii  pt  1.  p.  370 

plumbea,  Salt,  Fofl8.8.f.  1 

Bamsayi,  Salt,  Fobs.  10.  f.  20   

striata,  Sow.,  PI.  20.  f.  7 

tenuigranulata,  M'Ck)y,  F088. 36.  f.  5. 
Obolus  Dayidfloni,  Salt,  Day.  C^.  Brack'p.  136 

transyersuB,  Salt,  Day.  Clas.  Brach.  p.  136 
Ortiiib  Actoniie,  Sow.,  F068.32.  f.  2 ;  PL  6.  f.  11 

SDqmyalyiB,  Day.  Bui.  S.  G.  Fr.  y.  p.  321 

alata.  Sow. sp., Fobs.  10.  f.l5;  FL&.f.6 

altemata,  Sow.,  Fl.  6.  f.  5    

biforata,  Schl.,  F068.  33.  f.  4;  34.  f.  1 . 

biloba,  linn.,  PL 9.  f.  20;  20.  f.  14 

Bouchardii,  Day.,  Fobs.  58.  f.  I 

caHigramma,  Dalm.,  Fobs.  9.  f.  12; 
T1.S.  f.7-9;  9.  f.21;  2O.f.l0... 

oonfiniB,  Salt  G.  J.  y.  p.  15 

ooetatu,  Sow.  SU.  SyBt.  p.  639  

crispa,  M'Coy,  Sil.  Fob.  p.  29  

DayidBoni,  Yem.,  F0B8.  68.  f.  2 

elegantula,  Dalm.,  PI.  6.  f.  5 ;  9.  f.  19 ; 

20.f.l2 

yar.  orbiculariB,  Pi.  20.  f.  9 

fallax.  Salt  SU.  Fob.  p.  72 

flabellulum,  Sow,,FoB832.f.l ;  F1.6.f.  12 

HimantenBiB,  M'Coy,  PaL  Fob.  p.  219, 

hybrida.  Sow.,  PL  20.  f.  13 

inBulariB,  Eichw.  G^l.  Bubb.  ii.  pi.  8.  f.  7 

interoostata,  Portl.  Geol.  Bep.  p.  454 
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Orthis  interplioata,  M'Coy,  Sil.  FO0.  p.  31 

lata,  Sow.,  PL9.  f.  22,  23 

Lewisii,  Dav.  Bui.  S.  G.  Pr.  v.  p.  323 . 

lunata,Sow.,FLa0.f.ll;  35.f.29  . 

porcata,  M'Coy,  F068.  33.  f.  5   

?productoide8,  MOoj,  SiL  Foe.  p.  32. 

radians,  Sow.,  PL  5.  f.  10 

remota,  Salt,  F0B8. 9.  f.  13    

rerena,  Salt,  F068.  48.  f.  3  

rustica,  Sow.  Sil.  SjBEt  p.  624  

sagittifera,  M'Coy,  Pal.  Fos.  p.227.... 

semicircularis,  Sow.  Sil.  Syst  p.  639  . 

simplex,  M'Coy,  Sil.  Foe.  p.  34    

spinferoides,  M'Coy.,  F088.  34.  f.  2  . 

Btriatiila,   Emmons,   F088.  10.  f.  16; 
33.f.3    

toetudinaria,    Balm.,  F088.  12.  f.  6; 
PLB.f.  1,2  

triangulariB,  Sow.,  FL  &.  f .  13 

trioenaria,Conrad,  Hall,  PaL  N.Y.  L  p.l21 

tuigida,  M'Ck>y,  Pal.  Foe.  p.  229 

unguis.  Sow.,  PI.  &.  f.  3,  4  

veepertilio.  Sow.,  F068. 12.  f.  7;  PI.  6. 

fl-^  

Obthisiiia  asoendens,  Pand.  PaL  Foe.  p.  231 

Sootica,  M'CoT,  Pal.  Foe.  p.  232 

PufTAMKRVs  galeatus,  Dalm.,  PL  ZL  f.  8,  9  

^oboeus,  Sow.,  PL  8.  £  8 

Enightii,  Sow.,  PL  2L  f .  10,  var.  f.  11.. 

Iwvis,  Sow.,  Tar.  of  P.  oblongus   

lens,  Sow.,  F068.  14.  f.  1 ;  47.  f.  1 ; 
PL  8.  f.  9-11 

linguifer.  Sow.,  PL  22.  f.  21    

liratus.  Sow.,  F068. 14.  f.  3 ;  47. t.  3... 

oblongus,  Sow.,  F068. 14.  f.  2 ;  47.  f.  1 ; 
P1.8.f.l-4    

undatus,  Sow.,  F08B.  14.  f.  6 ;  47.  f.  6 ; 

P1.8.f.5-7  

PoHAMBORiTEs?  Capewollii,  Day.,  Foes.  G7.  f.  4 

interoedens,  Pand.  Beitr.  t  11.  f.  2 , 

BvniA  !Barrandei,DaT.Bul.S.a.Fr.2e6r.y.p.332 

Baylei,  Dav.,  F08B.  57.  f.  9 

Bouchardii,  Dav.,  FofiS.  57.  f.  5 

cuneata,  Dalm.,  PI.  22.  f.  8 

Lewini,  Dav.  BuL  S.  G.  Fr.  v.  p.  230 .. 

Salteri,  Dav.,  FofiS.  OT.  f.  7,  8 

Bhtnchonblla  anffustifrons, M'Coy,  Fofl8.48.  f.  2 

borealis,  Sohl.,  PI.  22.  f.  4,  var.  f.  5 

breviroetrum.  Sow.  Sil.  Systp.  631. 

oompreeea,  Sow.,  PI.  22.  f.  22 

crebriooeta,  Sow.,  PL  22.  f.  7  

crispata,  Sow.,  PL  22.  f.  6    

Davidsoni,  M'Ck>y,  Pal.  Foe.  p.  200, 

deoemplicata,  Sow.,  PL  9.  £.  15  ... 

defleza.  Sow.,  PI.  22.  f.  10  

depreeea,  Sow.,  PI.  22.  f.  17 

diaymA,Dalm.,  PL22.f.  15  
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Bhtnchonella  furcata,  Sow.,  PL  9.  f.  12,  13    .. 

Ghrayii,  Dav.,  Fow.  57.  f.  3 

interplicata,  Sow.  Sil.  Syst  p.  631   

Lewisii,  Bay.,  Fobs.  G7.  f.  2    

nasuta,  M*Coy,  PaL  Foa.  p.  203  

iiavicula,Sow.,  P1.22.f.  12 

ncglecta,  Sow.,  PL  9.  f.  14  

mtida,Hall,Pal.  N.Yopk,p.268   

nucula,  Sow.,  FoSB.  57.  ^  1 ;  PL  9, 
f  9  *  ^2  f  1  2 

obtuBipUcata,  Hall,  piii.  N.  York,  p.  269 

penta^na.  Sow.,  PI.  22.  f.  3  

puailla,  Sow.,  PI.  9.  f.  11 

rotunda,  Sow.,  PL  23.  f.  18 

serrata^  M*Ck)7,  Fobs.  48.  f.  1 

eezoostata,  M'Cor,  Sil.  Fos.  p.  41 

spheerica,  Sow.,  PI.  22.  f.  9  

Bphnroidalis,  M^Cqy,  Pal.  Fos.  p.  206 

StricUandi,  Sow.,  F1.22.f.  11    

subimdata,  M*Coy,  Pal.  Foe.  p.  207... 

tripartita,  Sow.,  PL  9.  f.  10 

upsilon,  Barr.  Sil.  Brach.  1 15 

WilBoni,  Sow.,  PL  22.  f.  13 

SiPHONOTRBTA  As^Uca,  MoiT.,  FoBB.  57.  f.  10  . 

micula,  M'Coy,  FoBB.  10.  f.  17 ;  35.  f.  3 
Spiufeb  crispus,  Linn.,  PL  21.  f.  4    , 

elevatufi,  Dalm.,  PI.  21.  f.  5,  6 

insulariB,  Eichw.,  GeoL  Boss,  ii .  p.  149, 

?piflum,  Sow.,  PL2Lf.7 

pUcateUom  Sow.,  PL  9.  f.  25 ;  2Lf.  1, 2 

trapezoidalis,  Dalm.,  PL  9.  f.  24;  21.  f.  3 
Stbophomxna  alternata,  Gonr.  PaL  N.  York,  p.  102 
(hipartita,  Salt,  included)    

antiquata,Sow.,Fo86.68.f.8;  P1.20.f.l8 

applanata,  Salt  M.  G.  S.  ii.  p.  380  ... 

aranaoea,  Salt,  p.  231  

oomplanata,  Sow.  Sil.  Syst.  p.  636  

compreasa.  Sow.,  FoBB.  14.  £  7 ;  47.  f.  7 ; 
PL  9.  f.  16 

oonoentrica,  Portl.  Geol.  Bep.  p.  452 

oorruffata,  PortL  GeoL  Bep.  p.  450 ... 

delto^ea,  Conr.  Pal.  N.  York,  p.  106 

depresBa,  Dalm.,  PL  20.  f.  20 

euglypha,  Dalm.,  PL  20.  f.  19 

expansa,  Sow.,  FoCB.  33.  f.  2 ;  PL  6.  f.  4 

filoaa,  Sow.  SiL  Systjp-  630 

funiculata,  M'Ck>y,  FoBB.  58.  f.  4,  5 

grandis,Sow.,FoBB.12.f.9;  PL6.f.6,7 
(canoellata,  Portl.  Qtx>l.  Bep.  p.  450) 

imbrex,  Pand.,  FoBB.  58.  f.  6,  7 

OuralenoB,  Yern.  Geol.  Buss,  t  14 

Pecton,  Linn.,  FoBB.  58.  f.  3  

Bimulans,  MK3oy,  Pal.  Fob.  p.  246  

tenuistriata,  Sow.,FoBBJ2.f.8 ;  PlS.f.l5 

undata,  M'CJoy,  Pal.  Fosjp.  234 

Tbebbkatula?  lBDTiuBCula»  Sow.,  PL  22.  f.  14 
Trbmatu  punctata,  Sow.  sp.,  Sil.  Syst  p.  636 
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T.  A  MKT.T.TBRAN  CHIATA, 

(MonomTaria.) 

Ambovtchia  acutiooeta,  M'Ooy,  Pal.  Foe.  p.  2^4.. 

carinata,  Conr.,  Hall,  PaL  New  York,  L 
p.  294 

giTphus,  Pord.  G^l.  Bep.  p.  455. . . . 

transreraa,  PortL  QeoL  Kep.  p.  746. 

trifiona,  Portl.  G^l.  Bep.  p.  422.... 

Tnton,  Salt  sp.,  Fobs.  36.  f.  8  .... 

undata,  Hall,  PaL  N.  York,  p.  165  . 
AviGULA  ampliata,  Phil.  M.  G.  S.  ii.  p.  367   . 

anfiqua,  Goldf.?  Pet  p.  283 

bullata,  M'Coy,  SiL  Foe.  p.  23 


Danbyi,  M'Coy,  Fom.  69.  f.  2,  3 

•      ~    r.MS 


mira,  Barr. 

panopmBformie,  M^Co^,  Sil.  Foe.  p.  22| 

(auo  poaidomeBformie,  M'Goy^     ! 

Ptkbinka  aaperula,  M'Coy,  FoM.  59.  f.  4 1 

Boydii,  Conr.  Pal.  Foe.  p.  259 ' 

demisaa,  Ck>nr.  (yar.  of  retzoflexa,  Hie.) 

fimbriata,  M.'Coj,  Sil.  Foe.  p.  21 

hians,  M'Ck>y,  PaL  Foe.  p.  260 

lineata,  Goldf.  Pet..  G.  t  119.  f.  6? 

lineatula,  d'Orb.,  FL  23.  £  16 

me^oba,  M'Ck)^,  Pal.  Foe.  p.  261 

orbicolarie,  M^Coy,  Sil.  Foe.  p.  21   

?  planulata,  Conr.  M.  G.  S.  ii.  p.  368  .. 

pleuroptera,  Ckinr.  Pal.  Foe.  p.  261 

rectang:alari8,  Sow.,  PI.  34.  f.  4  

retroflexa,  WahL,  PL  9.  f.26;  23.  f.  17 

(squamoea,  M'Coy)    

Sowerbyi,  M*Coy,  PL  23.  f.  15  ... 
eub&lcata,  Conr.  PaL  Foe.  p.  263 
Bubltfyis,  M^Coy,  Sil.  Foe.  p.  23  ... 
tenuietriata,  M'Coy,  FoM.  99.  f.  5 

(Dimyarta.) 
Anodontopsis  anguetifrona,M'Coy,PaLFoe.p.271 

bulla,  M'Coy,  Fobs.  60.  f.  6  .. 

l«vie.  Sow.  ep.,  Pal.  Foe.  p.  271 

peroYaliB,  Salt  sp.,  Mem.  G.  S.  ii.  p.  363 

quadratuB,  M'Coy,  Pal.  Foe.  p.  2758... 

eecuriformie,  M'Coy,  Pal.  Foe.  p.  272 
Arca  ?primitiya,  Phil.  Mem.  G.  S.  ii.  p. 366... 
Cabdiola  fibroea,  Sow.,  PL  23.  f.  11  

interrupta,  Sow.,  PL  23.  f.  12 

eemirogata,  Pord.  sp.,  Geo\.  Bep.  p.  430 

?  striata,  Sow.,  P1.23.f.  13 

Clxidophorvb  OTalia,  M'Coy,  Pal.  Foe.  p.  273 

planulatos,  Conr.  Pal.  Foe.  p.  273  . . 
Ctehodohta  (p.2l3h,  [Nucula,  sp..  Area,  sp.,  Acl 

ambigua,  Fom.  sp.,  Qeoh  Bep.  p.  430 
(and  PeotnnouluB  Apjohni,  Pom.)  . 

AngUoa,  d'Orb.,  PI.  23.  f.  10  

deltoidea,  Phil.  Mem.  G.  S.  ii.  p.  866 , 

diwimilie,  Portl.  sp.,  GeoL  Bep.  p.  428, 
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OrsifODOifTA  Eastnori,  Sow.,  PI.  10.  £  9 

Edniondiiformis  (Area),   M'Coy, 
Fo«.p.  283 

lavis,  Sow.,  PI.  7.  f.  3  

liiunialiB,  Pha  M.  a  S.  ii.  p.  367   

obbqaa,  Pord.,  FOBS.  36.  f.  6 

OTaha,  Sow.  SiL  Systp.  609 

postotariata,  EmmoiiB,  PaL  N.  Y.  L  p.  151 

quadrata,  M'Coy,  Sil.  Fob.  p.  20 

radiata,  Portl.  sp.,  GeoL  Rep.  p.  430  .. 

regularis,  PortL  sp.,  G^l.  Bep.  p.  427. . 

rhomboidea,  Phil.  Mem.  G.  S.  ii.  p.  367 

Bdtiila,  M'Coy,  Sil.  Fo6.p.  20 

semitnincata,  Pord.  G^l.  Rep.  p.  429, 

sabaouta,  M'Ck)^,  Sil.  Fos.  p.  19 

subfleaualiB,  Sow.,  PL  10.  f.  7,  8  

subcylindrica,  M'Coy,  Sil.  Fos.  p.  19 

taraDsrena,  Pord.    Gheol.  Bep.    p.  427 
(A.  fubtruncata,  id.) 

rarioofla,  Salt,  FoM.  36.  f.  4 

Cdcullblla  Anglica,  Salt,  Fobs.  8.  f.  2   .. 

antiqua,  Sow.,  PL  34.  f.  16 

Gawdori,  Sow.,  PL  34.  f.  3 

ooarotata,  Phil.  M.  Gt.  S.  ii.  pt  1.  p.  366 

OTata,Sow.,  PL  34.  f.  17 

DoLABRA?  ellipdca,  M'Ooy,  Pal.  Fob.  p.  269 

obtuBa,  M^Coy,  PaL  Fob.  p.  270  ... 
Gk>N[0PH0RA  cymbieformiB,  Sow.,  PI.  23.  f.  2 ; 
34.  £16 


Bp. 


Grammtbia  cingulata,  His.,  FoM.  60.  f.  1 

eztraBulcata,  Salt  M.  G-.  S.  iL  pt  1.  pL  361 

rotandata,  M'Coy,  Pal.  Foe.  p.  281  ... 

triangolata,  Salt,  FoflB.  60.  f.  2 

Ltsodism A  cuneata,  Phil.  Mem.  G-.  S.  ii.  p.  366 

plana,  M'Coy,  Fobs.  36.  f.  5  

Megalomus,  bd.,  p.  214    

MopiOLOpBis  (Modiola)  antioua.  Sow.,  PL23.f.  14 

oomplanata,  Sow.,  PI.  23.  f.  1 

-     expansa,  Pord.,  FoBB.  36.  f.  2 

gradata,  Salter  (NilBBoni),  FoBB.  60.  f.  8 

inflata,  MK)oy,  Pal.  Fos.  p.  266  

modiolaris,  Conr.,  FoBB.  36.  f.  3 

Nerei,  Pord.  GeoL  Bep.  p.  424    

obliqua.  Sow.,  PL  7.  f.  2  

orbioularifl.  Sow.,  PL7.  f.  1 

peroTalis,  Salt  Mem.  G.  S.  ii  pt  1.  p.  263 

platyphylla,  Salt,  FoBB.  60.  f.  7    

posdineata,  M'Coy,  FoBB.  36.  f.  1 

quadrata,  Salt  Mem.  G.  S.  ii.  p.  363  .. 

Becuriformis,  Pord.  Geol.  Bep.  p.  425 . . 
Mttilub  GhemmigenBiB,  Conr.  ?  M.  G.  S.  ii  pt.  1 
p.  366 

cinctuB,  Pord.  GeoL  Bep.  p.  426 

exaBperatoB,  Phil.  Mem.  G.  S.  ii  p.  364 

mytrnmeris,  Comr.,  FoBB.  60.  f.  6  .. 

anguicaUtoB,  Salt  Mem.  G.  S.  ii  p.  365 


II 


r 
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Orthonota  (Sanguinolites,  ap.,  M'Coy)  amygcU- 

Una,  Sow.,  PL  23.  f.  6,  Tar.  f.  7  

anffulifera,  M'Ooy,  F0B8.  GO.  f.  3  ... 
riobuloM,  M'Cof  PaL  Foe.  p.  278  ... 

impreasa,  Sow.,  Fl.  23.  f.  3 

nasuta,  Conr.,  FoM.  12.  f.  12 

prora,  Salt,  F0B8. 60.  f.  4  (semisulcata, 

M*Coy)   

rigidA,  Sow.,  PL  23.  f.  8  

rotundata,  Sow.  (Mya,  SiL  Syst),  PI. 

23.f.5    

■emitwilnata,  Sow.  (Modiola),  SiL  Syst 

p.617 

Bolenoides,  Sow.,  PL  23.  f.  9    

truncata,  M'Ooy,  PaL  Fob.  p.  279    ... 

undata,  Sow.,  PL  23.  f.  4 

Plbvsorhynchus  ^Conocardium)   aBquiooBtatus, 

Phil.,  Pow.  B9.  f.  1 

dipteruB,  Salt.,  PI.  36.  f.  7  

pn8tiB,SaltSU.  F0s.IreLp.7i    


GASTEROPODA. 

AcEOCVUA  (Capulua,  Nerita,  Ac)  eoomphaloidea, 
M»Coy,  PaL  Fos.  p.290 

Haliotifl,  Sow.,  PL  24.  f.  9  

prototypa,  Phil.,  PI.  24.  t  8   

Chiton  GmjanuB,  Kon.  BuL  Ac  Boy.  Brux.  iii.  f.  1 

(Helminthochitoii)     Grimthii,     Salter, 
Fow.37.f.8 

Wrightianua,  Kon.  Bull.  Ac  Boy.  Brux. 

iiLf.2 

Otclonrma  (Turbo)  oondnna,  M*Coy,  Sil.Fo6.  p.l2 

oorallii,  Sow.,  PL  2ft.  f.  1 

crebrifltria,  M*Coy,  Pal.  FO0.  p.  295... 

ootaviA,  d'Orb.,  PI.  2ft.  f.  4 

quadristriata,  Phil.  Mem.  a.S.  ii.  p.  388 

rupestria,  Eichw.,  Fobs.  37.  £  4 

Buldfera,  Eichw.,  Urw.  BubbI.  1 2.  f.  14. . , 

undifera,  M*Ck>y,  Pal.  Fob.  p.  306   

rentriooBa,  ^01,  PaL  N.  York,  iL  p.  90 
BuoKPHALus  alatuB,  Hib.,  PL  26.  f.  4 

oarinatuB,Sow.,  PL2ft.  f.  11 

oentrifuguB,  Wahl.  PaL  Fos.  p.  297 

ComdeMiB,  Sow.,  PL  7.  f.  5 

difloors,  Sow.,  PI.  2ft.  f.  12  

fiinatuB,  Sow.,  PL  26.  f.  3 

lautuB,  M'Coy,  SU.  Fob.  p.  14  

pnenuntiuB,  PhiL  Mem.  Gt.  S.  iL  p.  357 

rugosuB,  Sow.,  PL  2ft.  £  13 

BculptoB,  Sow.,  PL  9.  f.  27;  26.  f.  2 

tenuiBtriiatUB,  Sow.  (see  BeUerophon  per- 
turbatoB}. 
HoLOPBA  concinna,  M'Ooy,  Foss.  37.  f.  5 

BtriateUa,  Sow.,  PL  7.  f.  4  (TroohuB  con- 

BtrictuB,  M*Coy) 

HoLorsLLA  canoellata,  Sow.,  Foss.  14.  f.  8; 
P1.10.f.  14  
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HoLOPiLLA  oonica,  Sow.,  PI.  34.  f.  10 ;  PL  36.  £  26 
graciliop,  M'Coy,  PaL  Foe.  p.  303 
^pr^garia,  Sow.,  PL  34.  f.  10  a 


intermedia,  M'CSoy,  Pal.  Fos.  p.  304 
monilis,  M*Ck)y,  Pal.  Fos.  p.  304. 


obeoleta,  Sow.,  PI.  9.  f.  28;  10.  f.  14; 
34.  £11 

plana,  M'Coy,  SiL  Fob.  p.  12    

tenuicinota,  M'Coy,  PaL  Fob.  p.  304 
LoxoNBMA  elegang,  M'Coy,  PaL  Fob.  p.  302  ... 

■inuofla.  Sow.,  Pi.  24.  f.  3    

Macsocheilvs  elongatuB,  Portl.  (PolyphemuB) 

fosiformiB,  Sow.,  PL  10.  f.  13 

MuBCHisoNiA  angulata,  Sow.,  PI.  10.  f.  12 

aneust^  Hall,  Pal.N.  York,  t  10.  f.  2 

artioulata,  Sow.  sp.,  PI.  24.  f.  2  

balteata,  Phil,  sp.,  Mem.  Q.  S.  iL  p.  358 

bidncsta,  M'Coy  (not  of  Hall)  

cancellatula,  M'Coy,  Pal.  Foe.  p.  292  ... 

dngulata,  HiB.  Pal.  Fos.  p.  293   

oorallii.  Sow.,  PI.  24.  f.  7    

gyrogonia,  M'Coy,  FoflB.  37.  f.  6   

mflata,  M'Coy,  sp.,  SiL  Foe.  p.  16    

lioydii.  Sow.,  PL  24.  f.  5    

obscura,  PortL,  FoflB.  37. 1  3 

Pryoese,  Sow.,  PL  10.  f.  11  

pulchra,  M'Coy,  PaL  Foe.  p.  294 

simplex,  M'Coy,  Pal.  Fos.  p.  294 

Bubrotondata,  PortL,  FoM.  37.  f.  7    ... 

sulcata,  M'Coy  (Koydii?),  SiL  Foe.  pL  1 
f.20 

torquata,  M'Coy,  PaL  Fob.  p.  294    

turrita,  PortL  sp.,  GeoL  Bep.  p.  412     . 

Natica  parva.  Sow.,  PL  25.  f.  1  

Ophileta  oompacta,  Salt,  Fobs.  38.  f.  4  

maoromphala,  M'Coy,  Pal.  Fob.  p.  300 

Patella  Satumi,  Goldf.,  Fobs.  37.  f.  9 

Plattschibma  helidtes,  Sow.,  Foss.  25.  £  9 ; 
PI.  34.  f.  12  

Williamsi,  Sow.,  PL  34.  f.  14 
Plevrotom AULA  crenulata,  M'Coy,  PaL  Foe.  p.  291 

fissicarina,  PhiL  Mem.  Qt,  S.  ii.  p.  357 

trochiformiB,  PortL  6(eoL  l^p<  P-  413 

sp.  (trochiformis,  M'Coy),  SiL  Fos.  p.  16 

undata.  Sow.,  PL  24.  f  6 

Baphibtom A  eequalis  (qoalteriata.  Salt),  Fobs.  37, 
f.2  

ellii>tica,  Portl.  GeoL  Bep.  p.  414    

lenticularis,  Sow.,  PI.  10.  fTlO 

BiBEiRiA  oomplanata(Bedonia),  Salt,  F0S8.8.  f.  3 
Trochonsma  (JDec.  Canadian  Surv.  1)  latifasciata, 
M'Coy,  sp.,  Sil.  Fos.  p.  16 


lyrata,  M'Coy,  sp.,  PaL  Fos.  p.  298 . 
tricincta,  M'Coy,  sp.,  SiL  Fos.  p.  14.. 


triporcata,  M'Coy,  sp.,  Pal.  Fos.  p.  299 
trochleata,  M'Coy,  sp.,  SU.  Fob.  p.  12  .. 
Teochub?  calatulufl,  M'Coy,  Pal.  Foe.  p.  296   .. 
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Tbochub  Moorei,  M'Coy,  Pal.  Fob.  p.  297 

?  multitorquatus,  M'Coy,  Sil.  Fob.  p.  15 
TuBBO  ?  cirrhoBus,  Sow.,  PLa4.  f.  11 

tritorquatus,  M'Coj,  SiL  Fob.  p.  12 

HETEROPODA. 
BsLLKsoPHON  acatuB,  Sow.,  Fobs.  39.  f.  7 ;  FL  7. 

f.8  

alatuB,  PortL  Oeol.  Bep.  p.  471    

failobatuB,  Sow.,  F088. 12.  f.  10 ;  PI.  7. 

f.9  

carmatuB,  Sow.,  PI.  34.  f.  8 

diUtatoB,  Sow.,  FoM.  39.  f.  8 ;  PI.  25. 

f  f\  a 
csrpanflUB,  So'w.','inl'2BV't^ 

3g  £  28 

MurchiBoni.'  d'Orb.'.'  PI.'  34.*  f.  ii)  (B. 

BtriatuB)  

nodoBUB,  Salt.,  Fobs.  12.  f.  11 

obtoctuB,  Phil.  Mem.  G.  S.  ii.  p.  356   ... 
perturbatuB,  Sow.  Bp.,  F088.  39.  f.  6 ; 

PI.  7.  f.  6,  7  (EuomphaluB  tenui- 

BtriatuB,  Sow;  furcatuB,lif*Ooy)  

sabdeouBsatuB,  M'Coj,  Pal.  Fob.  p.  311 . 
BulcatinuB,  EmmonB,  PaL  N.  Y.  i.  p.  32. . . 

WenlockenfliB,  Sow.,  PI.  26.  f.  7 

Bp.,  Salt.  QeoL  Joum.  x.  p.  74 


FTBROPODA. 

CoNULARiA  elongata,  Portl.,  FoM.  39.  f.  3    ... 

Sowerbyi,  Defr.,  PI.  25.  f.  10 

BubtiliB,  Salt  Pal.  Fob.  p.  288  

EccuLiOMPHALUS  (CSyrtoliteB,  Conr.,  in  part)  Buck- 
landi,  Portl.,  Fobs.  39.  f.  5 

(CjrtoliteB)  leviB,  Sow.,  PI.  25.  f.  9. . . 

SooticuB,  M'Coy,  Pal.  Fob.  p.  301 

Maclvrba  Logani,  Salt,  Fobs.  37.  f.  1,  1  a  ... 

magna,  M<Co7(Le6ueur  ?),  Pal.Fo8.  p.300 

Peachii,  Salt,  Fobs.  38.  f.  1,  2   

Ptbbotheca  oorrugata^  Salt  Brit  Abboc.  1852,  p.  61 

tranBYena,  Portl.,  F0B8.  39.  f.  4 

■p 

Theca  anoepB,  Salt  Mem.  G-.  S.  iL  pt  1.  p.  355... 
ForbeBii,  Sharpe,  G«ol.  Joiirn.  ii.  p.  314 
reverBa,  Salt,  FoBS.  10.  f.  21 ;  39.  f.  1 

Bimplex,  Salt,  Fobs.  8.  f.  5 

trianguluiB,  Portl.,  F0B8.  39.  f .  2 

yaginula.  Salt,  Fobs.  9.  f.  14 


CEPHALOPODA. 

AscocBBAB  Barrandii,  Salt,  F08B.62 

Cybtocbras  approximatum,  Sow.  bd.,  PI.  11.  f.  4 

inaquiseptom,  Portl,  'FoBB,  41.  f.  1 
(PhragmoceraBBrateri,  Portl.) 

multioameratum,  Hall,  PaL  N.  Y.  p.  195 
LrruiTBS  anguiformia.  Salt  Pal.  Fob.  App.  p.  yiii 

articulatuB,Sow.,  P1.3l.f.6    
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L1TUITE8  Biddulphii,  Sow.,  PL  31.  f.  5 

oomu-arietifl,    Sow.,    FoM.  41. 

PI.  7.  f.  10;  11.  f.  1,2 
eieanteus,  Sow.,  PL  36.  f.  1-3. 
HibemicuB,  Salt,  F0B8.  41.  f.  3 
planorbifonuis,  Conr.  PaL  N.  York,  1 84 
tortuosufl.  Sow.,  PL  33.  f.  4 
undosus,  Sow.,  PL  U.  f .  3 
sp.  (oornu-arietis,  Portl.)  a.E.  pL  28B.  f.7 
Obthocs&as  angulatum,  WahL,  PL  28.  f .  4  (O. 

Tiivatum,  SiL  Syrt.)  

annnSituiii,  Sow.,  PL  26.  f.  1,  2 
arcuoliratum,  Hall,  Pal.  N.  York,  p.  198 

attenuatum.  Sow.,  PL  26.  f.  3 

Ayelinii,  Salt,  Fobs.  8.  f.4 

baccdiforme,  Salt  PaL  Fob.  Add.  p.  yi 

Barrandii,  Salt  G.  J.  vii.  p.  177  

bilineatum,  Hall,  F0B8.  40.  f.  2  (O. 

fiubannulatmn,    calazniteiim,    tuhici- 

nella,  PortL)  

breTioonicum,  PortL  G^L  Rep.  p.  373 

Brongniarti,  Troost,  FoM.  40.  f.  4 

bullatum.  Sow.,  PI.  29.  f.  1 

oanaliculatiiin.  Sow.,  FL28.  f.  3 

oentrale,Hi8.?Pal.  Fos.  p.314  

ooralliforme,  M*Coy,  Sil.  Fob.  p.  8  

dimidiatum.  Sow.,  PI.  28.  f.  5 

diBtauB,  Sow.,  PI.  26.  f.  4 

encrinale,  Salt,  FoM.  8.  f.  10 

elongato-cmctum,  PortL  G-.  B.  p.  372  . . 

ezoentrieum.  Sow.  Sil.  Syst  p.  631  

filoBum,  Sow.,  Fobs.  61.  f.  1 ;  PL  27.  f.  1 
flmbriatum  (see  annulatum). 
eregarium,  Sow.  Sil.  Syst  p.  619 
ibex,  Sow.,PL29X3(0.artieulatu]n,Sow.) 

unbricatam,  WahL,  PI.  29.  f.  7  

laqueatam,  HalL  Pal.  N.  York,  p.  206 
LudenBe,Sow.,FoBB.61.f.l;  PL28.f.l,2 

Madareni,  Salt,  FoBB.  24.  p.  126 

Marloenae,  PhiL  Mem.  G.  S.  iL  p.  353 

Mocktreeiue,  Sow.,  PL  29.  f.  2   

nummularium,  Sow.,  PI.  26.  f.  5 , 

perannulatum,  PortL  G«ol.  Bep.  p.  367 
perelegans,  Salt,  PL  29.  f.  5, 6  (Lituites 

articulatoB,  part,  and  L.  ibex.  Sow.). 

golitum,  M'Coy,  Pal.  Fob.  p.  316 
omeroense,  Portl.  G^L  Bep.  p.  370 . 
primaevum,  Forbes,  F08B.  ^  f.  4  .... 
subgreeariuin,  M'Cov,  Sil.  Fob.  p.  9.... 
subundulatum,  PortL,  FOBS.  61.  f.  3 . 
tenuiaxmulatum,  M^Coy,  PaL  Fob.  p.  320 
tenuicinctum,  Portl.,  Fobs.  40.  f .  3  ... 
tenuiBtriatum,  Miinst,  Beitr.  3. 1 19.  f.  4. 
textile,  PhiL  Mem.  Q.  S.  ii.  pt  1.  p.  353 
torquatum,  MiinBt.  Pal.  Fob.  App.  p.  vii 
tracheale,  Sow.,  PI.  34.  f.  6  (O.  per 
elegans,  Salt?)  
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Orthocsraa  Tagans,  Salt.,  F0B8.  40.  f.  I  

yaginatum,  Schlot,  G«oL  J. Tii. p. 377  ... 

▼entrioosum,  Sharpe,  G^L  J.  ii.  1 13 ... 

Oncocbrab,  sp.,  FoB8.38.t.6 

Phbagmoceras  arouatam,  Sow.,  PL  31.  f.  3  

oompraasum,  Sow.,  Fl.  31.  f.  4 

intermedium,  M'C^,  PL  30.  f.  4   

nautileum,  Sow.,  PL  31.  f.  I,  2    

pyriforme,  Sow.,  PL  30.  f.  1-3    

Tontriooeam,  Sow.,  PL  32    

PoTBRiocsRAB  approximatam,  M^Ooj,  Sil.  Fob. 
p.  10  (p.  subfuaiforme,  O.  aubpyri- 

torme,  PortL) 

Trbtocirab  bisiphonatum.  Sow.  sp.,  PI.  U.  f .  5 

?8emipartitum,  Sow.,  PL  34.  f.  5   


Fobs. 


AucHiHASPiB  Salteri,  Egert,  FoM.21.  f.l 

?ornatu8  (Cephalaapia),  Egert., 

ZLf.3 

CsPHALASPiB  Muichisoni,  Egert,  Fofl8.22.  f.  1 

large  sp.,  with  tubercular  aurfaoe 

OvcHUB  Murchifloni,  Ag.,  PL  34.  f.  1 ;  35.  f.  13, 14 

tenuistriatua,  Ag.,  PL  36.  f.  15,  17 

sp.,  shagreen  of  (Thelodua,  Ag.),  PI.  35. 

f.l8 

Plbctrodub  mirabillB,  Ag.,  PI.  35.  f.  3-8 

pufltuliferuB,  Ag.,  PI.  35.  f.  9-12 

PraKASPis  Bankaii,  FoM.  67.  f.  2  

tnmoatus,  Fo88.67.  f.  1  

Sphagodub,  Ag.,  PL35.  f.l 


»? 


NoTB. — ^There  are  a  few  other  fossila,  mentioned  and  figured  in  this  work,  which  are 
not  enumenUed  in  the  foregoing  Table,  namely  Paljioptge  Bamsayi  (FoflB.  1.  f.  2), 
referred  to  the  Trilobite  family,  and  two  forms  of  Oldham ia  (O.  antiqua,  F0B8.  2,  and 
O.  radiata),  which  ia  described  in  the  text  as  being  probably  a  coopnyte ;  some  nata- 
ralists,  howerer,  doubt  whether  it  haa  claims  to  more  than  a  Tegetable  rank.  These 
foesils,  together  with  the  Annelide  markines,  Arknicoliteb  didymua.  Fobs.  1.  f.  1,  and 
A.  spanus,  belong  to  the  Cambrian  rocks, — a  lower  zone  of  deposits  (as  explained 
in  m  text),  in  which  scarcely  any  other  fossil  is  known. 
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'B.^^Geoloffy  of  the  North  of  Scotland. 

The  reader  will  have  seen  in  the  Frontispiece^  and  have  found  at  pp.  11;  ld5, 
217,  et  9eq.  of  this  work,  that  the  oldest  known  rocks  of  the  British  Isles  are 
composed  of  a  highly  crystalline^  homblendic  gneiss  with  powerful  granite 
yeinsy  and  that,  in  the  North  Highlands  of  Scotland,  there  is  from  that  rock 
an  ascending  order  in  proceeding  from  N.  W.  to  S.E.y  as  rudely  represented  in  the 
diagram,  p.  199.  But  ihat  diagram  is  not  to  be  viewed  as  an  absolute  section : 
it  simply  represents  the  general  succession  of  the  great  rock-masses  of  the  three 
northern  counties  of  Scotland.  A  visit  to  the  north  of  Scotland  since  the  greater 
part  of  this  volume  was  printed  has  indeed  completely  confirmed  these  leading 
data; — a  fundamental  gneiss  on  the  west  coast,  succeeded  unconformably  by 
mountain  masses  of  purple  and  red  conglomerate  and  grit  (Cambrian),  which 
in  their  turn  are  also  unconformably  overlaid  by  quartz  rocks  with  a  subordinate 
limestone  chaiged  with  Lower  Silurian  fossils,  of  which  the  following  is  a  fuller 
list  than  that  which  is  given  in  the  text. 

In  the  lower  quartz  rock  or  quartzite : — a  fan-shaped  Fucoid,  Annelide  tubes, 
and  Serpulites  P  Maccullochii,  Salter.  In  the  limestone : — several  fossils  identical 
with  species  occurring  in  Canada  and  the  United  States;  such  as  Murchi- 
sonia  angustata,  Hall;  M.  beUicincta,  ib. ;  Raphistoma  labiata,  Emmons?; 
Ophileta  (Maclurea)  compacta,  Salter;  Orthoceras  undulatostriatum.  Hall;  0. 
arcuoliratum,  Hall;  0.  moniliforme ?,  Hall;  0.  anellum.  Hall;  Orthis,  like  0. 
striatula  of  Emmons. 

Besides  the  above  species  the  following  genera  occur,  all  of  which,  as  weU 
as  the  preceding,  occur  in  the  Lower  Silurian  limestones  of  North  America : — 
Pleurotomaria,  sp. ;  Baphistoma,  sp. ;  Ophileta  (or  Euomphalus),  sp. ;  Euom- 
phalus,  sp. ;  Maclurea  Peachii,  Salter,  and  its  operculum,  in  abundance;  Cyrto- 
ceras,  two  species,  and  a  Lituites,  the  last  apparently  covered  with  sponge.  A 
solitary  coral  is  all  that  Mr.  Salter  has  seen ;  but  Mr.  Lonsdale  thought  he  found 
traces  of  others.  Univalve  shells,  and  particularly  Murchisonia,  are  the  pre- 
valent forms. 

These  fossil-bearing  beds  are  clearly  and  conformably  covered  by  other  crystal- 
line rocks,  whether  consisting  of  quartzose  mica-schists  and  flagstones,  or 
younger  strata  having  the  characters  of  gneiss.  One  of  the  chief  objects  of  my 
last  visit  to  the  Lower  Silurian  limestones  of  Durness  and  Assynt*  was  to  be 
satisfied,  by  another  appeal  to  nature,  that  there  were  quartz  rocks  (quartzites 
of  Nicol)  above  as  well  as  below  the  fossiliferous  Hmestone.  Such  a  succession, 
followed  symmetrically  upwards  by  mica-schists,  flagstones,  and  a  younger  gneiss, 
was  again  seen  on  the  eastern  side  of  Loch  Eribol,  where  that  physical  order 
was  observed  thirty-one  years  ago  by  Sedgwick  and  myself.  I  this  year  traced 
the  same  relations  from  Loch  Eribol  on  the  N.N.E.  along  intervening  spots  to  the 
east  end  of  Loch  Stack  and  the  western  end  of  Loch  Moref^  and  again  in  tracts 
lying  on  and  to  the  east  and  south-east  of  Loch  Assynt^ — a  distance  along  the 
strike  of  not  less  than  forty  miles  from  N.N.E.  to  S.S.  W.  Another  proof  of  the 
soundness  of  this  general  view  is  seen  in  the  fact,  that  when  the  older  or  funda- 
mental gneiss  reappears  amidst  the  overlying  strata,  as  between  Loch  Durness 
and  Loch  Eribol,  it  throws  off  quartz  rocks  and  limestones  to  the  N.W.,  and 

*  OrthooeratiteB  have  now  been  detected  by  Mr.  Peach  and  myself  in  Assjnt. 
t  Where  Col.  Jamee  had  previously  notioed  this  order. 
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places  them  in  a  basin^ — a  fact  observed  by  Mr.  Peach,  but  which  escaped  the 
notice  of  former  observers.  Now,  if  the  fundamental  gneiss  had  been  thus  pro- 
truded to  the  surface  in  other  and  more  eastern  places,  similar  reversals  of  the 
dip  might  have  been  looked  for ;  but  no  such  basin-shaped  arrangements  are 
seen  for  many  miles  to  the  east  of  the  tracts  where  the  order  of  succession  haa 
been  described,  and  hence  it  follows  that  the  older  gneiss  cannot  be  supposed  to 
be  reproduced  as  a  surface-rock  in  the  lofty  mountains  of  the  Central  Highlanda 
without  calling  in  ^Eiiilts  of  stupendous  dimensions.  Again,  if  such  finults  existed, 
we  should  expect  that  in  some  portion  of  the  central  tracts  of  Sutherland,  in 
which  such  old  rocks  are  brought  to  day,  they  would  be  accompanied  by  those 
quartz  rocks  and  limestones  which  appear  in  great  force  near  the  west  coast  of 
tiie  same  county ;  but  this  is  never  the  case.  In  truth,  the  Lower  Silurian  rocks 
of  the  west  coast  are  deeply  buried,  as  we  advance  to  the  east  and  south,  under 
micaceous  and  thin  flaggy  metamorphic  strata  which  are  very  dissimilar  to  the 
old  gneiss  of  the  west. 

It  would,  however,  ill  become  any  geologist  to  dogmatize  respecting  a  vast 
region,  many  parts  of  which  are  most  difficultly  traversed  and  are  yet  unex- 
amined, and  therefore  I  guard  myself  by  saying  that  there  may  be  tracts,  parti- 
cularly in  the  north  and  north-eastern  parts  of  Sutherland,  near  its  confines  with 
Caithness,  where  the  older  gneiss  is  again  brought  up  to  the  surftu^e  along  with 
those  great  granitic  masses  which  appear  in  force  towards  the  eastern  side  of 
Sutherland.  At  all  events  that  view  cannot  be  sustained  if  the  traverse  be  made 
from  Loch  Assynt  on  the  north-west  to  Bonar  Bridge  on  the  south-east  The 
granitic  veins  of  the  west  coast  seem,  indeed,  to  be  essentially  different  from  the 
massive  granites  of  the  east  Those  of  the  north-west  are  really  subordinate, 
and  confined,  to  a  rock  which  underlies  the  oldest  visible  strata  of  conglomerate 
and  sandstone  of  the  British  Isles,  whilst  those  of  the  south-east  penetrate 
and  alter  strata  that  are  evidently  nothing  but  mica-schists  and  quartzoee 
flagstones,  which,  though  essentially  different  from  the  old  gneiss  at  certain 
distances  from  such  granitic  intrusions,  have  necessarily  a  considerable  resem- 
blance to  them  at  such  points  of  alteration  and  contact  Yet,  that  these  mica- 
schists  and  flaggy  beds  really  overlie  all  the  inferior  masses  of  older  gneiss,  Cam- 
brian sandstones,  and  Lower  Silurian  quartsites  and  limestones,  no  one  can 
doubt  who  proceeds  from  Assynt  by  Strath  Oikel  and  Lairg  to  Bonar  Bridge. 
He  will  then  see  that  all  the  Lower  Silurian  rocks  of  the  north-west  and  west 
are  covered  by  a  flag-like  micaceous  series  of  very  different  and  uniform  struc- 
ture, the  strata  of  which  dip  steadily  to  the  E.S.E.,  particularly  on  the  banks  of 
the  Oikel,  until  they  are  broken  through  by  the  younger  granitic  masses  in 
question,  and  are  at  such  points  necessarily  both  altered  and  much  dislocated. 

Again,  if  some  one  should  suggest  that  the  quartz  rock  of  the  Scarabin  Hills 
of  the  south-eastern  part  of  Caithness  may  represent  the  old  lower  quartz  rocks 
of  the  west  coast,  I  would  beg  him  to  examine  the  structure  and  relations  of  the 
two,  and  he  will  abandon  that  idea.  The  quartz  rocks  of  the  west  are  manifestly 
altered  sandstones  or  quartzites,  which,  whether  they  He  upon  purple  Cambrian 
conglomerate  and  sandstone,  or  on  the  ancient  gneiss,  are  quite  distinct  from  the 
pure  quartz  rock  of  the  Scarabins,  which  is  simply  a  mass  of  the  grey  ovezlying 
quartzose  rocks,  void  of  limestones,  and  metamorphosed  by  the  powerful  eruptions 
of  granite,  which,  enveloping  all  such  stratified.rocks  on  the  banks  of  the  Langwell 
and  Berridale  Rivers,  jut  out  on  the  coast  in  the  bold  promontory  of  the  Ord  of 
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Caithness^  where  the  passage  of  the  granite  into  compact  felspar  rocks  may  be 
admirably  studied. 

But  passing  oyer  the  doubt  as  to  whether  the  explorer  who  may  work  out  in 
detail  the  whole  of  thia  northern  suocession  may  find  some  tracts  towards  the 
north-east  in  which  the  true  old  gneiss  of  the  west  coast  has  been  brought  to 
day^  I  dwell  upon  the  plain  broad  fact^  that  the  thin  micaceous  flagstones,  often 
used  as  slates,  and  invariably  splitting  along  the  planes  of  the  original  deposit, 
which  occur  at  yarious  places  in  Ross-,  Inverness-,  Moray-,  and  Banff-shire  on 
the  east  coast,  can  never  be  confounded  with  the  great  massive  fundamental 
granitoid  and  homblendic  gneiss  of  the  north-west  coast,  any  more  than  similar 
overlying  beds  between  Lochs  Eribol  and  Tongue  in  the  same  tract. 

However,  therefore,  certain  details  may  hereafter  be  settled,  this  great  feature  of 
the  reform  of  the  classification  in  the  older  rocks  of  the  N.  of  Scotland  stands 
out  as  the  most  prominent  geological  advance  which  has  been  made  for  some 
years,  and  I  rejoice  that  I  have  taken  an  active  part  in  establishing  it,  and  in 
showiQg  that  llie  hypothetical  views  I  have  fbr  some  time  entertained  have  been 
borne  out  by  a  rigorous  appeal  to  nature. 

In  speaking,  however,  of  this  reform  in  the  classification  of  the  rocks  of  the 
North  Highlands,  justice  must  be  done  to  a  most  remarkable  memoir  by  the  late 
Mr.  R.  J.  H.  Cunningham,  entitled  ''The  Geognosy  of  Sutherlandshire,"  published 
in  1839  (Transactions  of  the  Highland  Society  of  Scotland,  vol.  xiii.)  ;  for, 
although  this  work  was  referred  to  in  a  note,  p.  196  (in  which  the  author's  name 
is  misspelt),  I  owe  a  distinct  apology  to  his  memory  and  reputation  for  having 
included  him  in  the  list  of  those  geologists  who,  like  myself  (and,  as  I  thought^ 
all  my  contemporaries),  had  classed  together  the  red  sandstones  of  the  west  and 
east  coasts.  In  fact,  I  was  guided  by  the  geological  map  of  Mr.  Cunningham,  in 
which  the  sandstones  of  the  east  and  of  the  west  are  represented  under  one 
colour.  Hence  I  naturally  inferred  that  he  considered  those  rocks  to  be  equiva- 
lent masses.  On  recently  perusing  his  memoir,  however,  I  find  that  he  gives 
some  good  reasons  for  their  separation,  as  depending  on  differences  of  structure 
and  position ;  and,  although  he  does  not  dwell  upon  the  great  features  of  super- 
position and  posteriority  which  I  have  advanced,  still  he  states,  that,  as  the  red 
sandstones  of  the  east  coast  afibrd  appearances  distinct  from  those  which  are 
found  in  the  conglomerate  and  sandstone  of  the  quartz  system,  '*  he  deemed 
it  safer  to  describe  the  two  groups  individually  than  to  run  the  hazard  of  con- 
founding them."  As  this  memoir  must  have  been  well  known  in  Scotland, 
it  seems  surprising  that  no  geologist  of  my  country  (I  was  then  busily  embarked 
in  Russian  and  continental  researches)  should  have  endeavoured  to  settle  such  a 
question  by  a  subsequent  investigation,  until,  accompanied  by  Prof.  Nicol,  I 
went  to  Sutherland  fourteen  years  later  t 

Again,  Mr.  Cunningham,  who  spent  much  time  and  laboured  much  more  sedu- 
lously in  Sutherland  than  any  other  geologisl^  not  only  clearly  pointed  out  the 
intercalation  of  the  Assynt  and  Durness  limestones  with  quartz  rocks,  but  also 
gave  numerous  examples  of  the  superposition  of  a  younger  gneiss  with  micaceous 
and  chloritic  schists  to  the  ''quartz-rock  system," — ^a  phenomenon,however,  which 
Sedgwick  and  myself  had  observed  many  years  before.  Proclaiming  his  belief 
that  this  upper  group  was  to  be  referred  to  the  "  Transition  series,"  and  adverting 
to  the  important  fact  of  the  existence  of  two  systems  of  crystalline  rocks  in 
Sutherland,  he  thus  wrote :  "There  is  found  a  gneiss  newer  than  a  quartz  rock, 
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which  [latter]  has  resulted  firom  the  breaking-up  of  a  still  older  formation ;  and 
as  organized  fossils  have  [elsewhere]  been  discovered  in  the  oldest-known 
mechanically  formed  strata,  there  is  also  some  cause  to  believe  that  there  are 
gneisses  and  mica-slates  that  have  been  elaborated  after  these  were  called  into 
being."  On  the  other  hand^  in  his  description  of  the  oldest  gneiss,  which,  like 
his  precursor  M^'CuUoch,  he  could  not  avoid  seeing  was  overlaid  hj  red  sand- 
stone and  conglomerate,  he  still  represented  the  whole  upon  his  map  under 
one  colour ;  being,  we  may  presume,  unable  to  free  himself  from  the  prevalent 
mineralogical  notion,  that  all  crystalline  stratified  rocks  containing  mica,  quarts, 
and  felspar  must  be  united  in  the  Gneiss  family.  Though  he  friled  to  observe 
the  striking  imconformability  between  the  lower  red  sandstone  with  conglomerate 
and  the  overlying  quartz  rocks,  and,  like  M'Culloch,  grouped  erroneously  these 
discordant  masses  in  one  system ;  still,  considering  the  period  of  its  publication, 
and  our  total  ignorance  at  that  time  respecting  the  organic  remains  of  the  quarts 
rock  and  limestone  zone,  since  discovered  by  Mr.  Peach,  the  memoir  and  map 
of  Cunningham  are  deserving  of  til  praise.  Those  portions  of  his  writings 
which  relate  to  the  association  of  granite  and  its  veins  with  gneiss  and  other 
crystalline  rocks  are,  indeed,  well  calculated  to  incite  others  to  a  renewed 
attention  to  that  class  of  phenomena. 

Before  we  quit  the  consideration  of  the  rocks  of  Silurian  age,  let  me  add,  that 
whilst  I  write,  aud  since  I  left  Scotland  a  few  weeks  ago,  Professor  Ramsay, 
Mr.  Salter,  and  Mr.  Oeikie  have  made  the  discovery  of  the  existence  of  Graptolites 
in  the  hard  thin-bedded  rocks  of  Siccar  Point  in  Berwickshire.  This  fact  de- 
tenmnes  the  purple  schists  of  that  coast  (which,  from  their  mineral  aspect,  had 
been  supposed  to  be  of  the  Longmynd  age)  to  be  really  Lower  Silurian,  and  in- 
volves the  necessity  of  a  correction  of  the  text  p.  166,  and  of  the  end  of  the  note 
p.  166, — ^the  convoluted  strata  seen  in  the  drawing  of  the  cliffs  near  St.  Abb's 
Head  being  really  prolongations  of  the  rocks  of  Siccar  Point,  and  therefore  of 
Silurian  age. 

Other  reforms  which  have  been  effected,  and  of  which  the  first  printed  detail 
appears  in  this  volume,  relate  to  the  Old  Red  Sandstone  properly  so  called,  or 
those  rocks  of  conglomerate,  sandstone,  schist,  flagstone,  and  limestone,  which 
I  consider  to  be  the  full  equivalents  in  time  of  the  Devonian  rocks  of  the  S.  of 
England  and  the  Continent 

It  has  been  shown,  that  the  conglomerates  and  sandstones  which  in  the  North- 
eastern Highlands  form  the  base  of  this  series  are  compounded  out  of  all  the 
pre-existing  rocks  above  described,  whether  gneiss,  older  grits,  quartz  rock,  mica- 
schist,  granite,  &c.,  as  ranging  in  ascending  order  from  the  west  to  the  east  coast 
(pp.  11, 179, 196,  277).  To  the  numerous  proofe  of  this  admixture,  Mr.  C.  Peach 
and  myself  made  a  very  interesting  addition  in  our  last  joint  examination ;  for, 
notwithstanding  the  vast  distance  between  the  Silurian  rock  of  Durness  and 
Assynt  and  the  red  and  yellow  Old  Red  Sandstone  of  the  east  coast,  we  found  in 
the  latter  near  Dornoch,  when  in  company  with  Mr.  Dempster,  of  Skibo  Castle, 
unquestionable  fragments  and  pebbles  of  that  finely  laminated  and  peculiar 
grey  chert,  which  so  abounds  in  the  Lower  Silurian  limestone  of  the  west  coast, 
and  which  is  entirely  unlike  any  other  rock  in  the  Northern  Highlands.  It  is 
this  great  and  thick  lower  zone  of  the  Old  Red  of  the  Northern  Highlands 
which,  as  before  stated  (pp.  280,  286),  I  consider  to  be  the  equivalent  tin  Ume  of 
those  beds  on  the  eastern  and  southern  flanks  of  the  Grampians  (Arbroath, 
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Dundee^  Balraddery^  &c.)  which  unquestionably  constitute  the  base  of  the 
group,  as  demonstrated  in  England  by  their  conformable  union  downward  with 
the  true  Ludlow  rocks  or  uppermost  Silurian  (see  p.  149  et  aeq.).  My  belief 
as  first  expressed  to  my  geological  associates  at  the  Meeting  of  the  (Geological 
Society  3rd  February^  1868  (and  repeated  at  p.  282  Hteq.m  this  volume);  that 
the  Caithness  flagstones  with  their  numerous  ichthyoUtes  constitute  the  cen- 
tral portion  of  the  Old  Red  group,  was  eyerywhere  sustained  by  my  last  ro- 
searches  accompanied  by  Mr.  Peach,  during  which  I  received  much  valuable 
information  from  Mr.  Robert  Dick,  of  Thurso,  respecting  the. detailed  structure 
of  Caithness,  as  also  from  Mr.  John  Miller,  of  the  same  place,  both  of  whom  con- 
tributed good  paleontological  data,  all  of  which,  including  additional  fiEu^  derived 
from  a  survey  of  the  Orkney  Islands,  are  about  to  be  laid  before  the  Geological 
Society.  One  of  the  points  to  which  Mr.  Dick  directed  my  notice,  was  the 
presence  of  numerous  powerful  fractures  and  dislocations  in  the  flagstones 
ranging  over  Caithness,  and  which  to  the  superficial  observer  seem  to  lie  simply 
in  undulations.  But  to  whatever  extent  these  dislocations  and  upheavals  have 
occurred  (and  they  largely  exist),  they  never  can  be  accurately  defined  until  a 
correct  map  of  the  county  be  executed;  it  being  a  melancholy  £Eu;t,  that,  though 
very  easily  capable  of  examination,  owing  to  tiie  slight  elevation  of  the  greater 
part  of  the  county,  Caithness  is  probably  the  worst-mapped  couirty  in  Scotland, 
or  rather  it  possesses  nothing  which  can  be  called  a  map. 

Whilst  the  great  features  of  the  paleozoic  succession  in  the  N.E.  of  Scotland 
remain  as  they  are  described  in  the  text,  I  made  some  important  additions  to 
our  knowledge  respecting  the  Old  Red  Sandstone  during  my  personal  inspection 
of  this  summer.  Thus,  when  in  company  with  Mr.  Peach,  I  was  reassured  that 
the  same  flagstones  as  those  of  Caithness,  and  containing  similar  fishes  and 
plants,  reposed,  near  Kirkwall,  the  capital  of  the  Orkneys,  upon  a  lower  red  sand- 
stone— ^the  rock,  in  fact,  out  of  which  the  beautiful  Cathedral  of  that  town  is 
built, — ^and  are  surmoimted  in  several  of  the  islands  by  another  sandstone,  usually 
of  a  light  and  yellowish  colour,  but  with  some  admixture  of  red,  the  most 
splendid  natural  view  of  which  is  at  Hoy  Head.  There,  the  sandstone  overlying 
the  Caithness  flags  has  a  vertical  thidmess  in  the  sea-diff  of  1100  feet  I  The 
entire  succession  of  the  group  is  thus  seen  in  Pomona  and  Hoy. 

It  is  in  the  superior  sandstone,  chiefly  of  a  yellow  colour,  that  the  most 
important  discoveries  of  fossils  have  been  made  during  the  last  year  in  Mo- 
rayshire. In  the  environs  of  Elgin,  I  made  transverse  sections,  in  company 
with  the  Rev.  G.  Gordon,  of  Bimie,  from  the  edge  of  the  crystalline  rocks 
(there  chiefly  micaceous  flagstone)  to  the  maritime  promontories  of  Burgh  Head 
and  Lossie  Mouth,  and,  in  spite  of  much  drift,  was  convinced  that  the  yellow 
sandstones  in  which  the  reptile  Telerpeton  Elg^ense  was  found  are  the  upper- 
most part  of  the  Old  Red  or  Devonian  series.  In  exploring  the  coast  range 
frt>m  Burgh  Head  to  LfOssie  Mouth,  I  observed  that  the  strata  had  been  raised 
up  on  an  anticlinal,  trending  parallel  to,  and  being,  as  I  believe,  a  repetition  of, 
the  more  inland  ridge  containing  Telerpeton ;  and  that,  whilst  the  inland  ridges 
are  associated  with  hard,  subcrystalline  comstones  (limestone),  first  described 
•  by  Professor  Sedgwick  and  myself  as  similar  to  the  Old  Red  comstones  of 
^igland,  so  the  coast  ridge  at  Lossie  Mouth  is  flanked  on  the  sea-shore  by 
another  band  of  comstone,  which  in  its  turn  is  overlaid  by  flag-like,  dark  red 
sandstone,  seen  in  reefs  at  low  water.    In  this  Morayshire  series  there  is  not  a 
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trace  of  a  carboniferous  plant^  and  the  strata  are  so  bound  together  by  mineial 
characters^  conformity,  and  transition  (yellow  beds  occurring  very  low  in  the 
series),  that  they  must  all  be  grouped,  according  to  our  present  evidences,  willi 
the  Old  Red  or  Deyonian  rocks. 

And  h^re  I  must  cite,  with  the  praise  it  deserves,  an  excellent  memoir  an 
this  tract  by  my  late  lamented  friend  Dr.  J.  Malcolmson,  which  was  read  before 
the  Geological  Society  in  1830.  As  an  abstract  only  was  published,  owing  to 
causes  which  are  explained  in  Appendix  S,  p.  672,  the  Rev.  G.  Gkirdon,  who  has 
had  access  to  a  copy  of  the  original,  will  shortly  give  the  substance  of  it  in  the 
Edinburgh  New  Philosophical  Journal. 

Having  examined  the  district  in  the  years  1827  and  1840,  the  chief 
additional  data  which  I  gained  during  my  last  visit  were  owing  to  the  dis- 
covery by  Mr.  Martin,  of  Elgin  (who  also  first  discovered  fossil  fishes  to  the 
S.  of  Elgin,  and  made  the  earliest  geological  map  of  the  district),  of  a  large 
bone  in  the  very  beds  at  Lossie  Mouth  which  had  formerly  afibrded  the  huge 
scales  of  the  supposed  fish,  called  Stagonolepis  Robertsoni  by  Agasaiz.  On 
visiting  these  quarries  with  the  Rev.  G.  Gordon,  we  were  so  fortunate  as  to 
discover  other  portions  of  this  large  animal;  so  that  comparative  anatomists 
have  now  determined  that  the  Stagonolepis  is  a  reptile.  The  existence  of 
reptiles  during  the  formation  of  this  deposit  might  indeed  have  been  esta- 
blished by  the  slabs  which  have  for  many  years  been  found  in  the  coast  quarries 
near  Cummingston*,  between  Burgh  Head  and  Liossie  Mouth,  in  which  are  the 
footprints,  of  different  sizes,  each  footprint  having  the  impression  of  several  daws 
to  it  One  specimen,  from  Capt.  Brickenden  (who  first  described  these  footprints, 
as  well  as  the  position  of  the  Telerpeton,  Quart  Joum.  Geol.  Soc  vol.  viiL 
p.  07),  is  in  the  Geological  Society's  Museum,  and  others  have  been  sent  to  the 
Museum  of  Practical  Geology,  London ;  most  of  them  having  been  contributed 
by  Mr.  Patrick  Duff,  of  Elgin,  the  original  possessor  of  the  Stagonolepis  and 
Telerpeton.  The  presence  of  a  large  reptile,  as  well  as  of  the  little  Telerpeton 
(see  p.  280),  in  this  upper  member  of  the  Old  Red  Sandstone  is  thus  established. 

Large  elabs  with  the  impressions  of  footsteps  were  also  recently  collected  by 
Mr.  Beckles,  who  visited  the  Cummingston  quarries  after  my  inspection  of  them, 
and  vigorously  set  to  work  to  select  instructive  specimens,  which  I  have  not  seen. 
Others  were  forwarded  to  me  by  the  Rev.  G.  Gordon,  whoj  having  been  long  ac- 
quainted with  the  locality  of  the  footsteps,  and  being  assisted  by  various  friends, 
has  enriched  the  Jermyn  Street  Museum  with  illustrative  specimens.  The  whole 
of  this  subject  is  about  to  be  laid  before  the  Geological  Society,  and  on  that 
occasion  the  part  which  Mr.  Patrick  Duff,  Mr.  Martin,  Mr.  Robertson,  and  other 
gentlemen  of  Morayshire  have  taken  in  these  discoveries  will  be  duly  mentioned. 

Seeing  that  the  footprints  occurred  in  the  same  ridge  as  the  large  bones, 
I  had  little  doubt,  when  1  first  saw  the  latter,  that  they  must  also  be  reptilian ; 
and  afterwards  Sir  P.  Egerton,  who  visited  Elgin  at  my  request  to  determine 
the  point,  confirmed  this  view,  and  entirely  excluded  them  from  the  dass  of 
fishes.  Again,  as  soon  as  I  laid  one  of  these  bones  before  Professor  Owen  at  the 
Leeds  Meeting  of  the  British  Association,  he  pronounced  it  to  be  reptilian. 
Lastly,  a  large  suite  of  these  remains,  including  some  bom  the  Elgin  Museum, 

*  The  Masons  Heugh  qnany,  where  the  footiteps  abound,  is  on  the  property  of 
Major  Charles  L.  Cumming  Bnioe,  M.P. 
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othen  the  property  of  Mr.  Patrick  Duff,  and  many  additional  large  flagstones 
with  footprints,  procured  by  the  Rev.  G.  Gordon,  have  been  transmitted  to  the 
Museum  of  the  Goyemment  School  of  Mines  in  Jermyn  Street,  where  Professor 
Huxley  is  preparing  a  description  of  them.  This  naturalist  is  led,  from  what 
he  has  seen,  to  recognize  the  Stagonolepis  as  a  reptile  of  a  high  order.  (See 
Appendix  Q.) 

In  Banffehire  I  explored  the  banks  of  the  Spey,  and  yisited  the  locality  of 
Tynet  Bum,  where,  through  the  kindness  of  Mr.  Alexander  Simpson,  of  Holl,  I 
obtained  a  collection  of  fossil  fishes  of  the  genera  Pterichthys,  Goccosteus, 
Glyptolepis,  Osteolepis,  Cheiracanthus,  Diplacanthus,  &c.  As  these  are  forms 
also  known  in  Caithness,  it  is  interesting  to  observe,  that  the  strata  at  Tynet  lie 
fax  above  the  great  mass  of  lowest  Old  Red  Sandstone ;  they  are,  in  fact,  like 
the  Gamrie  ichthyolites,  in  the  central  zone  of  the  group. 

I  had  little  time  at  my  disposal  for  reviewing  the  great  masses  of  sedimentary 
deposit  lying  along  the  eastern  and  southern  faces  of  the  crystalline  rocks  of  the 
Grampians,  which  have  been  hitherto  all  classed  as  pertaining  to  the  Old  Red 
Sandstone,  and  I  am  not  competent  to  describe  their  detailed  relations. 

On  these  points,  however,  which  Mr.  D.  Page  is  working  out  with  ability,  I 
beg  to  offer  the  following  suggestion.  The  true  base  in  Shropshire  and  Hereford- 
shire of  the  Old  Red  Sandstone,  properly  so  called,  is,  I  repeat,  seen  to  be  a  red 
rock,  containing  Cephalaspis  and  Pteraspis  (see  pp.  163,  244  et  9eq.),  and 
gradually  passing  down  into  the  grey  Ludlow  rock ;  and  in  both  of  these  con- 
tiguous and  united  strata,  remains  of  laige  Pteiygoti  are  found,  but  of  different 
species  in  the  two  bands.  Now,  although  the  Arbroath  paving-stone,  and  the 
grey  rocks  ranging  to  the  north  of  Dundee,  much  resemble  the  uppermost  Ludlow 
rock,  they  contain  the  Cephalaspis  LyeUii,  with  another  kindred  species,  and  are 
therefore  to  be  classed  with  the  Devonian  rocks,  though  they  must,  under  every 
circumstance,  be  viewed  as  the  very  base  of  that  natural  group.  It  follows, 
therefore,  that,  if  the  great  lower  conglomerates  on  the  flanks  of  the  Grampians 
really  underlie  all  those  grey  rocks  with  Pterygoti,  Cephalaspides,  and  Parka 
decipiens,  they  can  no  longer  be  united  as  they  have  been  with  the  Old  Red  or 
Devonian,  but  must  represent  some  portion  of  the  Silurian  system*.  In  speak- 
ing of  the  lowest  member  of  the  Old  Red  Sandstone,  as  characterized  by  the 
Cephalaspis  Lyellii,  I  repeat  the  expression  of  my  conviction,  that  in  the  North-  « 
eastern  Highlands  and  Caithness  this  lower  zone  is  represented  by  the  vast 
thickness  of  thin-bedded  red  sandstone  and  conglomerates,  which  had  been 
already  adverted  to  as  lying  beneath  the  Caithness  flags.  (See  Abstracts  of  Pro- 
ceedings of  Geol.  Soc.,  No.  18,  3rd  February,  1868.) 

Lastly,  I  visited  Dura  Den,  in  Fifeshire,  in  the  company  of  Lord  Kinnaird 
and  the  Rev.  Dr.  John  Anderson,  whose  work  on  that  beautiful  tract  is  well 
known  to  geologists,  and  I  now  entertain  no  doubt  whatever,  that  the  yellow 
sandstones  (with  red  layers)  pertain  truly  to  the  Old  Red  group,  that  they  are 
entirely  subjacent  to  the  equally  yellow  carboniferous  sandstones  with  coal 
plants,  and  are  of  about  the  same  age  as  the  yellow  sandstones  of  Elgin.  A 
splendid  specimen  (now  at  Rossie  Priory)  of  the  genus  Holoptychius,  three 
feet  long,  was  found  on  the  occasion  of  this  visit,  on  the  property  of  Mrs. 

*  The  diagrammatio  section,  n.  276,  does  not  represent  any  lower  conglomerates, 
though  I  have  reason  to  believe  tnat  they  eust. 
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Balgliesh ;  and;  as  a  form  Y&ry  similar  abounds  also  in  the  lower  red  poitioiis  of 
the  deposit  (at  Clashbinnie);  the  age  of  the  yellow  sandstone  is  clearly  sub- 
stantiated. (See  p.  674.) 

In  a  communication  made  to  the  G^logical  Section  of  the  British  Associatiofn 
at  Leeds,  whilst  the  concluding  chapters  of  this  woric  were  printing  off,  Mr.  D. 
Page  offered  some  "  Further  Contributions  to  the  Paleontology  of  the  Tilestonefly 
or  Siluro-Deyonian  strata  of  Scotland.'*  He  confirms  my  original  view  (see 
pp.  176  et  seq,)  that  the  Lanarkshire  black  schists  are  Upper  Silurian,  and  has  added 
many  fossils,  collected  by  Mr.  Slimon,  viz.  Pterinea,  Orthonota,  Nucula,  Aviculay 
Spirorbis,  &c.,  together  with  new  forms  of  Stylonurus,  a  crustacean  allied  to 
Eurypterus,  all  of  which  sustain  the  inference  I  formeriy  arrived  at.  The 
paying-stone  or  Forfarshire  zone,  which  I  consider  to  be  higher  in  the  seriesy 
and  to  be  the  true  base  of  the  Old  Ked  or  Devonian,  has  been  enriched,  through 
the  labours  of  Mr.  Page  and  Mr.  Powrie,  by  the  addition  of  two  new  crustaoeans, 
Stylonurus  and  Eampecaris,  and  by  the  discovery  of  parts  of  the  ichthyolite 
Gephalaspis  Lyellii,  and  of  another  fine  species,  as  well  as  many  fish-spines,  &c 
The  term  ^' Tilestones,"  for  which  I  have  substituted  '^  Passage-beds "  in  the 
Table,  Appendix  A,  cannot  therefore  be  made  to  include  both  the  black  schists  of 
Lanarkshire  (which  are  unquestionably  Upper  Silurian)  and  the  Arbroath  paving- 
stones,  which  must  be  regarded  as  the  basement-beds  of  the  Old  Red. 

Mr.  D.  Page  infonns  me  that  the  Gephalaspis  has  been  found  in  Ayrshire. 

C— Caithness  Flagstones  qfthe  Old  Bed  Sandstone, 

The  Flagstones  of  Caithness,  which  were  first  described  by  me  in  the  year  1827, 
under  the  name  of  ^*  Bituminous  schists  "  (Trans.  GeoL  Soc.  2  ser.  vol.  ii.  p.  213), 
are  in  many  places  impregnated  with  bitumen,  chiefly  resulting  from  the  vast 
quantity  of  fishes  imbedded  in  them.  Their  most  durable  and  best  qualities  aa 
flagstones  are  derived  from  an  admixture  of  this  bitumen  with  finely  laminated, 
siliceous,  calcareous,  and  argillaceous  particles,  the  whole  foiming  a  natural  cement 
more  impervious  to  moisture  than  any  stone  with  which  I  am  acquainted. 

The  following  analyses  of  several  specimens  of  Caithness  flagstone  and  the 
accompanying  bituminous  shale,  from  the  celebrated  quairies  of  Castle  Hill, 
belonging  to  my  friend  Mr.  G.  Traill,  M.P.,  are  indeed  of  high  value,  having 
been  prepared  under  the  superintendence  of  that  distinguished  chemist  Dr.  Hof- 
mann. 

These  results  completely  sustain  the  opinion  I  was  led  to  form  iqion  the  spot^ 
that  the  peculiar  tenacity  and  durability  of  these  flagstones  is  due  to  the  manner 
in  which  the  silica  and  alumina  are  cemented  together  by  certain  proportions  of 
calcareous  and  bituminous  (organic)  matter. 


Minenl  uudyMd. 

SUicmand 
Silicates, 
inMluble 
inHCl. 

Oxide  of 
Iron  and 
Alumina. 

Cafbouate 
of  Lime. 

Orpmie 
matter. 

Water, 
loMat 
loooc. 

Salts  of 
Magneaa, 

kaliea&e. 

TolaL 

No.  16.  Top  flag  . 
No.  7.  Middle  flag 
Bituminotti  Shale . 
No.  1.  Bottom  flag 

68-40 
69-46 
69-96 
61-89 

10-21 

11-50 

816 

4-87 

10-93 

10-66 

772 

21-91 

8-88 

5-79 

10-78 

8-40 

0-42 
0-40 
0-68 
0-20 

6-16 
2-20 
2-91 
8-23 

lOOKX) 
lOOHX) 
100-00 
lOOHX) 

In  analysing  a  portion  of  the  bituminous  schists  from  the  property  of  the 


Digitized  by  VjOOQIC 


APPENDIX.  561 

Earl  of  Caithness  (near  Barrogill  Castld),  Dr.  Hofmann  reported  to  me  as  follows : 
— "  When  submitted  to  the  action  of  heat,  this  substance  evolves  a  considerable 
amount  of  gas,  and  likewise  of  oily  matter  containing  a  certain  proportion  of 
ammonia.  The  residue  which  remains  behind  is  a  greyish  mass,  consisting 
essentially  of  silicate  of  alumina  (clay)  mixed  with  a  certain  quantity  of  sesqui- 
oxide  of  iron  and  of  stdphate  of  lime.  A  very  minute  proportion  of  phosphoric 
acid  was  likewise  found  to  be  present  The  loss  which  the  mineral  undergoes 
on  heating  was  found  in  two  consecutive  experiments  to  be  30*21  and  30*02 ;  so 
that  the  mineral  may  be  said  to  contain  in  round  numbers — 

Fixed  matter  (mineral) 70 

Volatile  matter  (organic)   30 

100 
''  In  determining  the  amoimt  of  gas  furnished  by  the  distillation  of  the  mineral, 
a  portion  of  it  was  heated  in  an  iron  tube,  in  order  to  imitate,  as  nearly  as 
possible,  the  circumstances  of  an  operation  on  a  large  scale.  In  two  consecutive 
experiments  which  were  performed  in  this  manner,  the  following  results  were 
obtained : — 

Cob.  ceotiin. 

I.  100  grammes  furnished 7690 

n.    „  „  „         7430 


Mean  7560 
<<  Assuming  100  grammes  of  the  mineral  to  yield,  on  an  average,  7500  cubic 
centimetres  of  gas,  a  ton  of  the  material  would  furnish  2690  cubic  feet.  The 
ordinary  varieties  of  coal  used  in  gas-maMng  yield  from  8000  to  10,000  cubic 
feet  of  gas  per  ton.  The  gas  obtained  from  the  mineral  is  very  luminous ;  it 
is  nearly  entirely  free  from  sulphur,  and  it  is  on  this  account  very  readily  puri- 
fied. The  residue  left  in  the  retort  after  the  expulsion  of  the  gas  retains  but  a 
small  amount  of  carbon,  viz.  8-5  per  cent ;  this  residue  has,  therefore,  but  little 
value  as  coke. 

''The  mineral  in  question  is  in  no  way  related  to  ozokerite,  as  has  been  sug- 
gested. From  that  substance  it  may  be  at  once  distinguished  by  its  inftisibility 
(ozokerite  fuses  at  80^  C.=176^  Fahr.),  and  by  its  entire  insolubility  in  alcohol 
and  ether,  in  which  solvents  ozokerite  dissolves,  although  with  difficulty." 

D. — FostiU  of  the  Ccmbrian  Bocks  in  Ireland,  pp.  26-28. 
Dr.  B.  Einahan  has  lately  described  the  organic  contents  of  the  Cambrian 
rocks  of  Bray  Head,  in  which  he  finds  abundant  traces  of  large  and  small  anne- 
^lide  burrows,  to  one  of  which,  belonging  to  a  tentaculated  worm,  he  applies 
the  name  Histioderma  Hibemicum.  He  considers  the  Oldhamia  to  be  truly  a 
Sertularian  polype,  and  thinks  he  has  discovered  the  reproductive  vesicles ;  and 
he  describes  one  new  species,  the  O.  discreta,  Einahan,  in  addition  to  the  well- 
known  forms  O.  radiata  and  0.  antiqua.  (Transactions  of  the  Boyal  Irish 
Academy,  vol.  xxiii.  p.  547). 

E. — Primordial  Zone  in  the  Malvern  Hills. 
It  is  stated  in  p.  104,  that  no  remains,  except  fucoids,  had  yet  been  found  in 
the  HoUybush  sandstone,  or  lowest  visible  stratified  rock  of  the  Malvern  Hills. 

2o 
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Dr.  Giindrodi  of  Malyem,  has  however  detected  abundiint  traces  of  tubee  refer- 
able to  those  of  sea-wormsy  and  one  of  which  is  a  known  Silurian  genus,  Trachy- 
derma.    The  species  has  been  provisionally  named  T.  antiquismma,  Salter,  MS. 

Additional  reasons  now  exist  for  regarding,  as  I  have  done,  p.  46,  the  Olenus 
shales  of  Malvern  as  belonging  to  the  primordial  zone,  since  tiie  peculiar  form 
Dictyonema  socials  (p.  47)  has  been  found  in  Eeysend  Hill  by  the  Rev.  W.  S. 
Symonds. 

The  species  appears,  if  not  identical,  at  least  very  closely  allied  to  the  Phyl- 
lograpsus  (Oorgonia)  flabelliformis  of  Norway  and  Sweden.  It  appears,  how- 
ever, that  both  the  names  (Ghraptopora  and  PhyUograpsus)  must  give  way  to  the 
previously  published  Dictyonema  of  James  HaU,  and  the  name  of  the  species 
must  therefore  be  corrected  to  Dictyonema  socials.  It  is  the  oldest  known  form 
of  Bryozoon  in  Britain.    In  N.  Europe  a  few  graptolites  occur  with  it 

From  America'we  also  receive  new  proofe  continually  of  the  persistency  of 
this  lower  zone.  Prof.  W.  Rogers  has  photographed  a  large  Paradoxides  found 
ten  miles  S.  of  Boston,  thus  probably  giving  us  a  locality  for  the  long-known  P. 
Harlani  of  Oreen.  Recently  a  still  larger  and  very  broad  species  of  the  genus 
has  been  sent  to  the  Museum  of  the  Bristol  Institution  from  the  neighbourhood 
of  St.  John's,  Newfoundland.  Lastly,  in  Georgia,  a  specimen  of  sandstone  has 
been  foimd  containing  a  species  of  Conocephalus.  Neither  this  genus  nor  Para- 
doxides has  been  found  out  of  the  primordial  zone  (Lowest  Silurian). 

¥.—Oonadont8  of  Fonder. 

When  these  microscopic  bodies  were  spoken  of  in  the  text,  p.  374  ei  seg,,  I 
slightly  erred  in  stating  that  they  were  found  below,  or  in  the  Ungulite  grit 
of  the  Baltic  provinces  of  Russia.  Their  exact  position  is  in  a  thin  bed  of  green 
sand  above  the  courses  of  Ungulite  grit  and  bituminous  schist,  and  immediately 
beneath  the  chloritic  or  green-grained  limestone  which  forms  the  base  of  the 
great  Lower  Silurian  limestone  (Pleta)  of  that  region.  Professor  Huxley  not 
having  yet  decided  upon  the  true  natural-history  character  of  these  little  things, 
I  have  again  had  recourse  to  the  microscopist.  Professor  Quekett,  who,  together 
with  Dr.  Carpenter,  had  formerly  rejected  them  from  the  class  of  fishes,  has 
renewed  his  examination,  and  is  more  than  ever  convinced  that  these  minute 
spinous  bodies  cannot  be  the  teeth  of  fishes.  ^'  However  much,"  he  says, "  their 
external  form  may  resemble  a  tooth,  I  have  never  been  able  in  a  single  instance 
to  detect  in  them  the  least  trace  of  dental  structure.  I  should  rather  be  induced 
to  consider  them  to  be  the  cuticular  spines  of  some  animal.  In  their  general 
shape  they  most  nearly  resemble  the  little  denticles  investing  the  tongue  of 
many  moUusca." 

Just  as  this  Appendix  was  going  to  press,  I  fortunately  received  the  following 
communication  from.  Professor  Owen,  which  seems,  indeed,  to  demonstrate  that 
these  orgamsms  cannot  have  belonged  to  the  Vertebrata : — 

''On  the  Lower  Silurian  orffomeme  eaUed  'Qmodanie'  by  Dr.  C.  H.  Frnder*.— 
Minute,  glistening,  slender,  conical  bodies,  hollow  at  the  base,  pointed  at  the  end, 
more  or  less  bent,  with  sharp  opposite  mai^gins,  might  well  be  lingual  teeth  of 
Gasteropods,  acetabular  booklets  of  Gephalopods,  or  teeth  of  Cartjlag^ous 
Fishes. 

*  "  Monogmphie  der  Fossilen  Fische  (Unter-Silurische  Fische,  Conodonten),*'  4to,  1856. 
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<<  Against  the  latter  detennination  is  the  minute  size  of  the  bodies  called 
'  Conodonts '  by  Dr.  C.  H.  Pander.  Their  basal  cayity  doubtless  contained  a 
foimative  pulp,  but  the  proof  that  the  product  of  sudi  pulp  was  'dentine '  is 
wanting :  the  obserred  structure  of  the  booklet  presents  concentric  conical 
lamellsa  of  a  dense  structureless  substance  containing  minute  nuclei  or  cells. 

**  In  some  specimens  the  base  is  abruptly  produced  and  divided  firom  the  body 
of  the  booklet  by  a  constriction^ — a  form  unknown  to  me  in  the  teeth  of  any 
FLsheSy  but  presented  by  certain  lingual  teeth  of  Gasteropods,  e.  g,  the  lateral 
teeth  of  Sparella.  In  other  Conodonts  the  elongated  base  is  denticulate  or  ser- 
rate, as  in  the  lateral  teeth  of  Buccinum  and  Chrysodomus.  It  is  improbable, 
however,  that  they  belong  to  any  conchiferous  toothed  moUusk,  the  shells  of 
such  being  wanting  in  the  deposit  where  the  Conodonts  are  most  abundant 

''The  more  minute  booklets  have  a  yellowish  transparent  homy  appearance  \ 
the  larger,  perhaps  older  ones,  present  a  harder  whitish  appearance.  Their 
analysis  by  Pander  yielded  '  carbonate  of  lime,* — carbonic  acid  being  evolved 
by  application  of  dilute  nitric  acid,  and  oxalic  acid  producing  an  obvious  pre- 
cipitate. 

"  The  detached  condition  of  the  booklets  and  the  integrity  of  the  thin  border 
of  the  basal  pulp-cavity  indicate  that  they  have  not  been  broken  away  from  any 
of  those  kinds  of  attachment  to  a  bone  which  the  minute  villiform  teeth  of 
osseous  fishes  would  show  signs  ofl  The  Conodonts  have  been  supported  upon 
a  soft  substance,  such  as  the  skin  of  a  mollusk  or  worm,  the  mucous  membrane 
of  a  mouth,  or  throat,  or  proboscis :  but,  to  select  the  teeth  of  Cydostomous  or 
Plagiostomous  fishes  as  the  exclusive  illustration  of  the  above  condition,  is  to 
take  a  partial  and  limited  view  of  the  subject 

"  In  comparing  the  Conodonts  with  the  teeth  of  fishes,  they  present,  as  Dr. 
Pander  recognizes,  the  closest  resemblance,  in  that  dass,  with  the  conical, 
pointed,  homy  teeth  of  Myxinoids  and  Lampreys :  and  the  absence  of  any  other 
hard  part  in  the  strata  containing  the  Conodonts  taUies  with  the  condition  of 
the  Cydostomatous  skeleton ;  but  not  more  than  it  does  with  the  like  soft  con- 
dition of  annelidous  worms  and  naked  moUusks.  But  the  teeth  of  all  known 
Cydostomes  are  less  varied  in  form  than  in  the  Conodonts.  Certain  lingual 
plates  of  Myxinoids  are  serrate,  but  not  with  a  main  dentide  of  much  greater 
length,  such  as  shown  in  the  form  of  Conodont  called  Machairodus  by  Pander. 
Most  Cydostomous  teeth  are  simple,  thick  cones,  with  a  subcircular  base :  and 
every  known  tooth  of  a  Cydostomous  fish  is  much  larger  than  any  of  the  forms 
of  Conodont,  which  rarely  equal  half  a  line  in  length.  This  minuteness  of  size, 
with  the  peculiarities  of  form,  inclines  me  strongly  to  refer  the  Conodonts  to 
some  soft  invertebrate  genus.  Certain  parts  of  small  Crustacea,  e.  g,  the  pygi- 
dium  or  tail  of  some  minute  Entomostraca,  resemble  in  shape  the  more  simple 
Conodonts :  but  when  we  perceive  that  these  bodies  occur  in  thousands,  de- 
tached, with  entire  bases,  and  that  any  part  of  the  carapace  or  shell  of  an  ento- 
mostracean  or  other  cmstacean  has  been  rarely  detected  in  the  Conodont  beds, 
it  is  highly  improbable  that  they  can  have  bdonged  to  an  organism  protected 
by  a  substance  as  susceptible  of  preservation  as  their  own  substance.  Much 
more  likely  is  it  that  the  body  to  which  the  minute  booklets  were  attached  was 
as  soluble  and  perishable  as  the  soft  pulp  upon  which  the  Conodont  was  sheathed. 
I  find  no  form  of  spine,  dentide,  or  booklet  in  any  Echinoderm,  and  especially 
in  any  soft-bodied  one,  to  match  the  Conodonts,  and  conclude  that  they  have 
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most  analogy  with  the  spines,  or  hookleta,  or  denticles  of  naked  MoUuska  and 
Annelides. 

''  The  formal  publication  of  these  minute  ambiguous  bodiee  from  the  oldest 
foasiliferous  rocks  as  evidences  of  fishes  is  much  to  be  deprecated." — ^Richasb 
Owvs,  British  Museum,  Nov,  18, 185a 

In  confirming  the  yiew  that  the  presence  of  phosphate  of  lime  in  these 
"  Conodonts  "  is  no  indication  of  a  bony  character,  Dr.  Percy  has  further  dia- 
covered  that  this  substance  occurs  in  the  living  whelk, — an  interesting  addi- 
tion to  the  &cts  mentioned  in  the  note  at  pp.  875,  376. 

G. — No  Vertehrata  in  the  Silurian  Socks  of  France. 

At  the  meeting  of  the  Institute  of  France  on  the  19th  of  July  last,  and  long 
after  the  chapter  on  France  had  been  printed  in  this  volume,  M.  Marie  Kouault 
announced  the  discoveiy  of  vertebrated  animals  in  the  Silurian  basin  of  tJie 
south-west  of  France  (Comptes  Rendus,  vol.  xlvii.  p.  dO),  and  stated  that  the  two 
ichthyodorulites  which  he  described,  but  did  not  figure  (Mach»rium  Aichiaci  and 
M.  Larteti),  came  from  the  Terrain  Devonien  of  the  west  of  France.  Subsequently 
M.  de  Vememl,  desirous  of  ascertaining  the  real  nature  of  the  rock  in  which 
the  supposed  ichthyodorulites  were  said  to  have  been  found,  visited  the  district 
of  St.  L^nhard,  in  the  northern  part  of  the  Department  of  La  Sarthe,  and 
ascertained,  that  the  zone  of  rock  whence  the  fossils  of  M.  Itouault  had  come, 
was  laden  with  characteristic  trilobites  of  Uandeilo  age,  and  reposed  on  an 
older  band,  of  siliceous  character,  charged  with  Lingul»,  and  representing  the 
primordial  Silurian  fiiima  of  Bairande,  or  the  Lingula  beds  of  Wales.  At  the 
same  time,  M.  de  Vemeuil  and  M.  Triger  could  detect  no  remiuns  of  ichlhyo- 
dorulites  in  these  rocks,  but  only  elongated  and  somewhat  incurvated  bodies 
similar  to  those  "procured  from  the  Director  of  the  slate  quarries  by  MM.  De- 
ville  and  Delesse,  who  gave  them  to  M.  Itouault, — ^that  gentleman  not  having 
himself  visited  the  locality. 

Having  ascertained  these  facts,  I  necessarily  became  anxious  to  inspect  the 
remains  which  M.  de  Vemeuil  had  collected  from  true  Lower  Silurian  rocks,  and 
which  the  Director  of  the  slate  quarries  had  called  *'  Eels  I ''  Wholly  discredit- 
ing their  belonging  to  vertehrata,  and  expressing  to  me  the  suggestion  that  they 
might  prove  to  be  flattened  reeds,  or  some  such  bodies,  M.  de  Vemeuil  sent  these 
fossils  to  me  for  examination. 

The  largest  of  them  (which  was  said  by  the  Director  of  the  quarries  to  be  a 
finer  specimen  than  any  of  the  bodies  given  to  MM.  Deville  and  Delesse)  is 
about  15  inches  long,  and  has  the  shape  of  the  blade  of  a  somewhat  incurvated 
dagger.  Neither  this  form,  nor  any  of  the  associated  flattened  or  subcylindrical 
bodies  which  accompany  it,  have,  in  the  opinion  of  Professor  Huxley,  Mr.  Salter, 
Mr.  Rupert  Jones,  and  the  other  paleontologists  to  whom  they  have  been  sub- 
mitted, the  slightest  trace  of  any  animal  structure  whatever.  They  appear  to  be 
simply  pyritous  concretions  around  some  soft  elongated  body — ^possibly  a  fucoid. 

Thus  vanish  these  Maclueria  from  the  class  of  fishes,  like  the  supposed  fish- 
defences  of  the  Lower  Silurian  rocks  of  other  countriiBS,  which  have  turned  out 
on  examination  to  be  crustaceans,  zoophytes,  the  tubes  of  annelides,  or  even 
sea- weeds ! 
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H. — Fueoids  and  Annelide  Burrows  in  the  Lower  Silurian  Bocks  of 

France. 

The  well-known  fossil  impressions  of  the  Vaux  d'Aubin  in  Nonnandy,  known 
to  the  natives  as  the  "  Pas  de  Boeuf,"  and  which  have  been  fully  described  by 
M.  Deslongchamps  (M^m.  Soc  Linn,  de  Normandie,  1856),  do  not  indicate  the 
former  presence  of  any  large  vertebrated  animal.  They  are  in  all  probability  the 
impressions  of  sea-weeds  (Cmziana  P).  Similar  and  equally  large  forms  have 
been  found  by  Logan  in  Canada,  in  the  calciferous  sand-rock,  and  had  been  pre- 
viously described  as  the  Fucoides  biloba  by  Vanuxem  (see  his  Geol.  Rep.  p.  79  j 
Rusophycus  bilobus,  Hall,  Palffiont  N.  Y.  voL  ii.  pi.  0),  a  fossil  of  the  Clinton 
group.  Mr.  Salter,  in  a  short  note  printed  in  the  Bull.  Soc.  G^l.  Fr.  voL  ziii. 
p.  668,  has  again  directed  attention  to  these  imprints ;  and  he  also  refers  the 
smaller  double  imprints  on  the  same  stone,  called  "  Bouts  de  la  canne  de  la 
calotte  rouge,''  to  the  exit  and  entrance  burrows  of  shore  worms  (Arenicolites). 

It  is  at  least  worthy  of  remark,  that  in  our  own  country,  "  foals'  feet,"  as  they 
are  called,  are  a  common  form  of  impression  in  some  sandstones — the  Forfiiur 
pavement-beds  of  the  Old  Red  Sandstone  for  instance.  In  that  case  they  are^ 
however,  probably  due,  as  Mr.  Salter  thinks,  to  tidal  operations  only. 

I. — Silurian  Bocks  of  the  Baltic  Bussian  Provinces  and  Gothland, 

The  work  published  by  M.  Fr.  Schmidt,  **  Die  Silurische  Formaticm  von  £sth- 
land,  Nord-Livland,  und  Oesel,"  Dorpat,  1868,  and  of  which  I  had  only  received 
a  MS.  abstract  from  Count  Keyserling,  has  now  reached  me,  and  completely 
sustains  the  views  I  have  put  forth,  pp.  377  et  seq.  Little  justice,  however,  is 
done  to  M.  Schmidt's  valuable  details  in  this  volume,  and  the  reader,  who  does 
not  consult  the  original,  is  referred  to  my  memoir  in  the  Quarterly  Journal  of 
the  Geological  Society,  vol.  xiv.  p.  43,  "  The  Silurian  Rocks  and  Fossils  of  Nor- 
way and  the  Baltic  Provinces  of  Russia." 

By  a  letter  recently  received  fix)m  M«  Schmidt,  I  further  leani,  that,  in  his 
examination  of  Gothland,  he  has  ascertained  that  the  sketch  which  I  gave  in 
1847,  respecting  the  British  equivalents  of  that  exclusively  Upper  Silurian 
Island,  is  correct  I  then  showed,  that  in  proceeding  from  the  Wenlock  Shale 
and  Limestone  on  the  north,  M.  de  Vemeuil  and  myself  reached  younger  strata 
on  the  south,  the  highest  of  which  represented  the  Upper  Ludlow  Rock.  This 
view,  which  had  been  opposed  by  Helmersen,  is  supported  by  Schmidt,  who, 
among  other  arguments,  shows  that  the  strata  at  the  south  end  of  Gothland 
contain  the  same  species  of  Eurypterus  (£.  remipes)  as  the  uppermost  beds  of 
the  opposite  Russian  isle  of  Oesel,  which  contain  numerous  unquestionable 
Ludlow  fossils.  A  detailed  history  of  the  Eurypterus  remipes  will  shortly  be 
published  by  Dr.  Mierzkowski,  who,  as  well  as  M.  Schmidt,  believes  that  the 
Limulus  is  its  nearest  living  congener. 

In  the  expectation  of  publishing,  with  Dr.  Schrenck,  a  description  with  figures 
of  all  the  Imown  Silurian  fossils  of  the  Russian  Baltic  provinces,  M.  Schmidt 
gives  a  detailed  list  of  them,  with  references  to  the  works  of  different  authors. 
Among  about  426  species  enumerated;  the  Corals,  Graptolites,  &c.,  amount 
to  nearly  80  species ;  the  Crinoidea,  CystidesB,  &c.,  to  13 ;  the  Comulites, 
Tentaculites,  and  other  Annelides  to  5 ;  the  Biyozoa  to  16  j  the  Brachiupods  to 


Digitized  by  VjOOQIC 


666  SILVBIA. 


nearly  100  j  the  Acephala,  Pteropoda,  Heteropoday  and  Gasteropoda  to  69 ;  the 
Cephalopoda  to  89;  the  Crustaceans,  including  Beyrichia,  &c.,  to  67 ;  and  Um 
Fishes  (all  of  jnrhich,  as  in  England,  are  in  the  uppermost  Silurian  zone)  to  40. 
Towards  the  base  of  the  Lower  Silurian  there  are  two  Conodonts.  Many  of  the 
species  are  identical  with  British  forms. 


K. — Igneous  Bocks  of  the  Silurian  Region  of  Britain  compared  with 
their  German  equivalents. 

In  various  paxts  of  this  yolume,  but  particularly  in  the  fourth  chapter,  l^e  rocka 
of  igneous  origin,  whether  contemporaneous  with  or  posterior  to  the  strata  with 
which  they  are  associated,  are  mentioned  in  terms  of  which  German  geologists 
must  wish  to  know  the  exact  import.  My  illustrious  firiend  Baron  Humboldt, 
having  requested  me  to  send  to  him  a  few  small  specimens  of  the  characteristic 
Silurian  types  of  this  daas  of  rocks,  has  spoken  of  them  in  his  fourth  volume  of 
^  Cosmos,'  and  has  obligingly  transmitted  to  me  the  following  description  of 
them  as  furnished  by  his  eminent  associate,  M.  Gustaf  Rose : — 

"  In  accordance  with  your  wish,  I  send  you  herewith  some  remarks  on  the 
rock-specimens  forwarded  by  Sir  R.  Murchison.  The  rock-spedmens  termed 
<  greenstone,'  from  Pembroke,  Caernarvonshire,  and  Anglesea,  are  different  va- 
rieties of  hypersthenite  and  gabbro,  such  as  occur  near  Neurode  in  Silesia,  or  at 
the  Baste  in  the  Harz — compoxmds  of  hypersthene  or  diallage  with  labradorite, 
which  last  has  become  snow-white  or  greenish  white,  and  then  is  in  the 
incipient  state  of  change  to  serpentine ;  tiie  hypersthene  and  diallage  are  also 
partly  changed  into  uralite.  The  '  Felspar-porphyry,'  from  Caemarvonshiie,  is 
a  syenite-porphyry  with  imbedded  crystals  of  felspar  and  mica :  oligodase  and 
hornblende  also  occur  occasionally  in  addition.  This  rock  is  connected,  as  to 
its  character,  with  the  ^  syenite '  of  Caernarvonshire :  the  *  syenite '  of  Merion- 
ethshire, on  the  other  hand,  contains  much  quartz,  and  has  a  more  granitic 
character.  The  'hornblende-porphyry'  is  a  diorite  very  similar  to  the  so- 
called  '  Tiger-ore '  of  Schemnitz,  but  -where  the  imbedded  baUs  of  hornblende 
are  much  larger ;  it  is  more  like  the  diorite  of  Raschewsk  in  the  Ural. 

"  The  '  ash  '  of  Snowdon  and  of  Bala  and  the '  felspathic  lava '  of  Snowdon  are 
varieties  of  the  green  slate :  m  that  of  Snowdon  are  concretions  resembling 
those  of  the  so-called  <  fruit-slate '  (Ihwhi-schiefer)  of  Saxony ;  in  that  of  Bala 
balls  of  homstone  occur,  quite  similar  to  the  so-called  felspathic  lava  of  Snowdon, 
which  perhaps  is  only  a  more  quartzoee  portion  of  the  green  slate.  The '  felspathic 
trap '  of  Snowdon  is  quartzose  schist :  the  hollows  in  it,  partially  filled  willi 
iron-ore,  are  derived  from  decomposed  included  minerals,  the  nature  of  which 
is  no  longer  to  be  ascertained.  The  '  felspathic  ash '  of  Bala  contains  in  its  mass 
(or  paste),  which  may  be  scratched  with  a  knife,  very  small  white  crystals  of 
felspar :  it  appears  to  be  only  a  variety  of  the  ordinary  porphyry ;  but  we  ought 
to  be  able  to  see  more  of  the  rock,  and  to  be  acquainted  with  its  geological 
conditions,  in  order  to  form  a  decided  opinion  on  it.  The  '  felspathic  ash '  of 
Bishop's  Castle  is  perhaps  something  similar,  only  more  decomposed." 

For  my  own  part,  adhering  to  the  nomenclature  used  by  my  (Geological  asso- 
ciates of  the  Survey,  I  am  of  opinion  that  the  names  of  felspathic  ash,  fel- 
spathic trap  or  lava,  &c.,  really  express  the  true  nature  of  the  conditions  under 
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which  these  rocks  were  fonned.    If  the  eminent  mineialogbt  M.  Gustaf  Rose 
were  to  explore  our  Welsh  mountains,  he  might  probably  adopt  our  yiews. 

L, — Australia, 

Owing  to  the  kind  permission  of  Lord  Stanley  and  Sir  E.  Bulwer  Lytton 
(H.  M.  Secretaries  for  the  Colonies),  I  hare  been  enabled  to  inspect  the  geolo- 
gical reports,  maps,  and  sections  of  Victoria  prepared  by  my  Mend  Mr.  Selwyn, 
and  I  take  this  opportunity  of  recording  my  sense  of  the  high  yalue  of  those 
documents.  This  able  suireyor  has  already  drawn  the  line  of  demarcation 
between  the  Lower  and  Upper  Silurian  rocks.  Thus,  all  the  rocks  to  the  west 
of  a  line  extending  from  WiUiams  Town  northwards  to  Lancefield  are  Lower 
SUurian, — ^Lingulie  and  various  forms  of  double  Graptolites  being,  he  says,  the 
characteristic  fossils.  All  the  rocks  of  Silurian  age  to  the  east  of  the  same 
line  belong  to  the  upper  division.  The  rocks  around  Geelong  are  carboniferous* 
(oolitic  P),  similar  to  those  on  the  E.  side  of  Western  Port,  as  well  as  several 
outliers.  They  have  afforded  no  animal  remains ;  the  plants  Phyllotheca  and 
Glossopteris  Browniana  being  characteristic  fossils.  These  carbonaceous  rocks 
rest  unconformably  on  the  Silurian,  and  are  themselves  unconformably  overlaid 
by  the  tertiary  deposits  which  Mr.  Selwyn  considers  to  be  of  eocene,  miocene, 
and  more  recent  age.  All  these  formations,  including  the  ''gold  drifts"  of  ter- 
tiary ages,  as  weU  as  the  eruptive  rocks,  whether  granite,  porphyry,  or  basalt^  are 
coloured;  their  outlines  being  determined,  and  their  relations  shown,  in  a  series 
of  beautifully  coloured  transverse  sections.  It  gives  me,  indeed,  great  pleasure  to 
reflect,  that  the  geologist  who  is  so  ably  executing  the  important  task  confided 
to  him^  is  a  scion  of  the  Geological  Survey  of  tJie  British  Isles,  who  greatly 
distinguished  himself  in  elaborating  the  diificult  relations  of  the  different 
members  of  the  Silurian  and  associated  igneous  rocks  in  N.  Wales. 

The  opinions  of  such  a  man  on  the  gold  veins  and  detritus  of  a  region 
which  he  has  sedulously  explored  during  five  years  have  had  great  weight  with 
me,  and  have  induced  me  to  modify  an  opinion  expressed  in  the  first  edition 
of  this  work.  But^  whilst  gold-mining  downwards  to  small  dqpihs  in  the  solid 
veinstones  of  Victoria  may  for  some  years  be  a  profitable  business,  it  by  no 
means  follows  that  adequate  profit  is  there  to  be  maintained  at  great  depths. 
The  continuous  working  of  deep  mines  (the  law  of  the  downward  impoverish- 
ment of  the  ore  being  universally  admitted)  must  depend  upon  the  cost  of 
extraction.  Thus,  in  Transylvania  and  Hungary,  where  the  gold  was  formerly 
visible  near  the  surfieuse,  the  lower  portions  of  the  same  veinstones  now  worked 
afford  a  very  minute  quantity  only  of  gold,  which  (accordiag  to  Waiington  Smyth) 
would  not  be  worth  extraction  but  for  the  agency  of  powerM  crushing-mills  and 
the  very  low  wages  of  the  miners.    (See  the  caveat, '  Siluria,'  1st  edit.  p.  436.) 

'K.—Pteraspis  and  Ftery^otus  (pp.  265,  267,  286). 

The  fish-fragments  figured  p.  267,  as  well  as  those  given  in  PL  36  under  the 

*  The  progress  of  research  has  lately  led  carboniferous  series  (beneath  the  secondary 

to  a  dearer  appreciation  of  the  relatiye  age  coal)  overlying  a  Devonian  group.     The 

of  the  various  paleozoic  rocks  of  New  latter  contams  the  well-known  lai^  Spi- 

South  Wales.    There  appears  to  be  a  true  rifers  and  bivalves. 
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name  Ptenispis,  require  a  note  of  explanation  as  to  the  name.    They  reoM 
that  name  fi!t)m  Dr.  Ener  (see  Haidinger's  Abhandl.  toI.  i.)  in  1847^^mI#  refetred  | 

them  to  Cephalopoda.    They  have  since  been  regarded  by  some  as  CriLstaoea,  \ 

though  Agassiz  placed  them  among  fishes  of  the  genus  Cephalaspis. 

In  a  memoir  recently  read  before  the  Geological  Society  (Quart.  Joum. 
voL  xiy.  p.  267);  Professor  Huxley  has  definitely  included  lliem  in  the  class  of  1 

fishes.    I  may  here  observe  that  my  friends  the  ReT.  W.  Symonds  and  the  Bev.  \ 

F.  Dyson,  knowing  the  position  in  which  these  fishes  ought  to  occur,  have  dis-  | 

covered  them  in  their  own  Malvern  district^  and  have  detected  all  the  principal  < 

species  in  the  lower  comstones  of  the  Old  Red  Sandstone  at  Cradley. 

Note  on  Pterygotus  gigaSj  p.  265. — ^I  have  scarcely  referred  sufficiently  in  the 
text  to  the  labours  of  Mr.  R.  Banks  with  respect  to  the  large  Pterygotus  gigas 
of  Kington.  That  gentleman  had  been  long  collecting  materials  for  the  illuB- 
tration  of  the  species,  and  had  been  fortunate  enough  to  discover  a  great  number 
of  parts,  which  he  succinctly  described  in  the  Quart  Oeol.  Joum.  for  1855,  p.  97. 
On  the  publication,  however,  of  the  more  complete  specimens  from  Lanarkshire, 
he,  with  great  liberality,  made  over  his  materials  and  drawings  for  description 
in  a  forthcoming  Decade  of  the  Geological  Survey. 

The  Pterygotus  so  abundant  at  Ludlow  and  Kidderminster  in  the  ^'  PajBsage- 
beds ''  is  the  P.  Ludensis ;  it  has  the  greatest  analogy  with  the  Scotch  fossil,  P. 
Anglicus,  which  occurs  at  the  very  base  of  the  Old  Red  Sandstone  of  Scotland. 
P.  problematicus,  on  the  contrary,  which  commences  in  the  Upper  Ludlow  rock, 
appears  to  range  quite  into  the  Comstone  group,  having  been  foimd  lately  by 
Dr.  John  Harley,  of  King's  College,  in  the  comstones  of  Hopton  Gate,  Ludlow. 
This  is  the  highest  range  of  the  genus  known,  and  corresponds  with  the  great 
extent  to  wiiich  the  supposed  egg-packets  of  this  crustacean  (Parka  dedpiens) 
are  found  in  the  Old  Red  Sandstone  of  Forfarshire.  Tealing,  near  Dundee,  ia 
a  new  and  rich  locality  of  the  Pterygotus. 

N. — Origin  of  Coal, 

The  origin  of  coal,  or  rather  the  mode  in  which  masses  of  vegetable  matter 
have  been  successively  entombed  and  converted  into  coal,  has  been  (Jiscussed  in 
the  previous  pages.  1  have  there  endeavoured  to  explain  the  prevalent  hypo- 
theses as  to  the. terrestrial,  freshwater,  or  drifted  origin  of  coal,  by  assuming  that 
in  certain  tracts  one  or  other  of  these  modes  of  accumulation  may  have  occurred. 
(See  pp.  312,  814,  816,  822,  &c.) 

Without  abandoning  the  idea  that  coal  must  in  certain  places  have  been  the 
result  of  drift  agency,  or  the  transport  of  vegetable  matter  into  marine  estuaries, 
and  that  in  other  cases  it  must  have  been  formed  under  purely  terrestrial  and 
fr-eshwater  conditions,  I  may  state,  that  an  opinion  has  been  gradually  gaining 
groimd  among  geologists  and  naturalists,  that  by  far  the  greater  part  of  the  coal 
is  the  result  of  littoral  growths  (in  sea- water  or  in  maritime  swamps)  of  succu- 
lent vegetables  suited  to  these  conditions,  and  that  the  occurrence  of  marine 
spoils  among  and  over  the  beds  of  coal  has  been  the  normal  condition  of 
many  coal-basins.  It  is  certainly  more  likely  that  there  should  have  been  a 
gradual  subsidence  (with  periodical  pauses)  in  a  mass  of  coal  strata  12,000  feet 
thick,  as  in  South  Wales,  than  that  there  should  have  been  repeated  osciUationa 
of  the  land — descending  to  receive  marine  productions,  and  raised  again  to 
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sustain  the  growth  of  teirestrial  plants.  If  the  plants  were  capable  of  growing 
on  the  sea-margin  (like  mangroyes  in  the  West  Indies),  and  if  the  water  was 
very  shallow,  running  into  muddy  lagoons,  and  full  of  sand-bars  near  the  low 
swampy  shores  (a  condition  quite  in  accordance  with  what  is  represented  in  the 
vignette,  p.  906),  we  should  not  need  to  invoke  such  repeated  changes  of  level, 
but  simple  subsidence  with  occasional  pauses.  In  confirmation  of  this  view  we 
have  the  fiEtct,  that,  with  the  exception  of  the  so-called  Unio-bands,  we  have  very 
little  evidence  of  freshwater  conditions  at  all ;  while  the  abundance  of  Serpula 
(Spirorbis)  carbonaria,  the  occasional  bands  of  Goniatites  and  Aviculsd  even  in 
the  true  coal-shales,  and  the  frequent  occurrence  of  marine  shells  and  shark-like 
fish,  point  to  a  condition  of  things  much  more  like  that  of  the  mangrove  swtfmps 
above  alluded  to.  It  is  further  remarkable^  that  in  existing  lagoons  a  species  of 
Unio  is  found,  nearer  in  character  (says  the  late  Pro£  E.  Forbes)  to  the  coal 
Unios  than  any  true  freshwater  form. 

An  instance  of  the  growth  of  geological  theory  based  on  observation  and 
carried  on  by  careful  induction  may  be  illustrated  by  the  history  of  our  views 
of  the  nature  of  coal-fields,  the  origin  of  which  I  endeavoured  to  elucidate  in 
the  '  Silurian  System '  by  aid  of  an  outline-mi|>  of  an  ideal  portion  of  the  coast  of 
the  Carboniferous  Sea  (p.  152),  where  freshwater  and  estuarine  accumulations 
were  supposed  to  be  associated  with  coal,  on  the  one  hand,  whilst  further  drifted 
vegetable  matter  was  washed  out  to  sea,  on  the  other.  Such  an  ideal  coast-line 
has  given  place  of  late  years  to  Mr.  Austen's  admirably  worked-out  geography 
of  the  North-west  European  Coal-area,  traced  with  careful  and  indeed  laborious 
exactitude  on  geological  data  (Oeol.  Joum.  vol.  xiii.  p.  88,  pL  I)  ;  and  now  we 
have  the  still  later  researches  of  Mr.  H.  C.  Sorby,  directed  from  another  point  of 
view,  but  equally  weU  indicating,  by  the  evidences  of  former  shoals  and  currents, 
the  trend  and  character  of  the  coal-bearing  sea-maigin. 

Mr.  Sorby,  to  whom  we  are  indebted  for  so  many  good  observations  in  phy- 
sical geology,  has  arrived,  by  independent  researches,  at  the  conclusion,  that  the 
seas  of  the  Coal  period  (in  the  North  of  England)  were  enclosed  and  shallow, 
with  no  very  fixed  or  determinate  lines  of  drift  or  current  In  some  valuable 
notes  with  which  he  has  favoured  me*,  he  shows,  that  during  the  deposition  of 
the  slate  rocks  of  Westmoreland  and  the  Lake  district,  in  the  Lower  Silurian 
time,  the  currents  came  chiefly  from  the  east,  and  in  the  Upper  Silurian  period 
from  the  N.N. W.  These  facts,  when  further  developed,  will  throw  great  light 
on  the  physical  geography  of  early  times.  He  further  indicates,  that  during 
the  period  of  the  Carboniferous  limestone  and  Millstone  grit,  the  sea  was  open 
to  the  west. 

But  these  regular  currents  cease  to  be  conspicuous  when  we  rise  into  the 
Coal-measures  in  the  same  districts,  the  general  current  having  then  become 
almost  extinct,  and  a  confused  set  of  tidal  and  wind  drifts  having  supervened, 
which  indicate  a  very  considerable  change  in  the  physical  geography  of  the 
region.  These  changes  point,  first,  to  a  diminution  of  the  current-flow  in  the 
period  of  the  Millstone  grit,  then  to  a  far  more  limited  extension  of  the  water 
during  the  Coal  period,  ending  in  a  fresh  set  of  currents  during  the  Permian  era 
among  elongated  shoals.   How  far  these  facts  are  in  unison  with  the  wide  extent 

*  See  also  his  papers  on  this  subject  in  the  Edinb.New  Phil.  Joum.  vol.  iii.  p.  112, 
iv.  p.  817,  v.  p.  275,  viL  p.  226. 
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and  imifonn  character  of  the  Coal-flora  is  a  subject  for  future  inquiry.  We  axe, 
perhaps,  warranted  in  belieying,  that  a  theory  of  the  formation  of  coal,  which 
should  embrace  as  its  chief  element  a  widely  extended  series  of  shallow  and 
partially  enclosed  seas  Mnged  with  swampy  forests  of  water-loving  plants,  and 
subject  to  frequent  subsidence,  is  perhaps  most  in  hannony  with  observed  phe- 
nomena. 

O. — Permian  Ibsail  Plants, 

Just  as  this  work  is  about  to  be  issued  to  the  public,  I  have  received  the 
instructive  memoir  of  Dr.  H.  B.  Geinitz  on  the  plants  of  the  Bothliegendes  and 
Zechstein  of  Saxony  (which  deposits  he  has  included,  like  myself,  in  the  Permian 
group) — '^  Die  Leitpfianzen  des  Rothliegenden  und  des  Zechsteingebirges  oder 
der  Permischen  Formation  in  Sachsen."  Separating  the  Permian  flora  of  the 
Roth-  and  Weiss-liegendes  (as  Gutbier  and  G^ppert  have  done)  from  that  of 
the  Coal  period,  and  enumerating  many  pecuHar  species,  he  specially  illustrates 
in  two  plates  the  genera  Palssophycus,  Alethopteiis,  Hymenophyllites,  UU- 
mannia,  Guglielmites,  Walchia,  and  Cardiocaipon.     (See  pp.  345  et  seq,) 


P. — Ohemieal  Anahfses  shomng  the  absence  of  Phosphoric  AM  in 
the  Bocks  helaw  the  Silurian  Deposits, 

In  order  to  ascertain  indirectly  the  presence  of  phosphoric  add  in  rocks,  my 
valued  friend  Dr.  Daubeny  experimented  upon  the  relative  amount  of  produce 
obtaiaed  from  barley  sown  in  various  pulverized  samples  of  them,  belonging  to 
strata  of  different  geological  epochs.  He  found,  tiiat  whatever  the  age  of  the 
rock  might  be,  provided  only  it  belonged  to  a  wries  m  which  organic  remains  were 
present,  the  amount  of  phosphoric  add  present  in  the  crop  exceeded  considerably 
that  existing  in  the  barley  from  which  it  was  derived ;  indicating  that  the  above 
principle  must  have  been  one  of  the  constituents  of  the  rock,  as  this  alone  could 
have  supplied  it  to  the  plants  growing  in  it  On  the  other  hand,  in  certain 
slates  which  lie  below  the  oldest  Silurian  rocks  in  which  organic  remains  have 
been  detected — such,  for  instance,  as  the  elates  of  Nant  Francon,  Llanberis  near 
Bangor,  and  that  north  of  Dolgelly,  or  schist  taken  from  the  foot  of  Skidd&w, 
and  a  sample  of  mica-schist  from  Loch  Lomond — ^the  quantity  of  phosphoric  acid 
present  in  the  crop  barely  exceeded  that  existing  in  the  barley  sown,.indicating 
the  almost  entire  defidency  of  this  principle  in  the  rock  itself,  and  consequently 
leading  us  to  infer,  that  organic  remains  never  could  have  existed  in  it,  rather 
than  that  the  traces  of  them  had  been  obliterated  by  subsequent  metamorphic 
action,  inasmuch  as  we  have  no  reason  to  suppose  that  any  heat  which  mig^t 
have  affected  the  strata  would  have  dissipated  the  phosphoric  add  contained 
in  them;  many  of  the  Silurian  rocks  containing  phosphoric  add  being  equally 
slaty.     (See  Quarterly  Journal  of  the  Chemical  Sodely  of  London,  vol.  vii.) 

Li  subsequent  researches  Dr.  Daubeny  could  detect  no  trace  of  phosphoric 
acid  in  tpecimens  from  the  Longmynd  (which  frmdamental  rock  of  the  Silurian 
region  is  no  more  altered  than  the  overlying  Silurian  strata),  whilst  the  Ludlow 
rocks  contained  as  much  of  it  as  any  of  the  younger  fossiliferous  rocks  on  which 
he  experimented. 

The  determinations  of  the  chemist  are  thus  in  perfect  harmony  with  the  con- 
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elusions  of  the  geolog^  and  paleontologist^  in  establishing  a  decrement  of  life 
as  we  descend  through  the  strata  forming  the  crust  of  the  globe. 

Q. — The  StagonoUpis  BoberUani  of  the  Elgin  Sandstone. 

Just  as  this  work  is  about  to  be  published,  Professor  Huxley,  who  has  examined 
all  the  bones  and  casts  of  bones  belonging  to  this  animal,  as  well  as  the  foot- 
prints probably  made  by  it  (see  Appendix  B),  has  fiekvouied  me  with  the  follow- 
ing notice,  in  anticipation  of  a  detailed  description  which  will  be  shortly  given 
to  the  Geological  Society : — 

^'The  remains  which  have,  up  to  the  present  time,  been  discoyered,  associated 
with  the  characteristic  scutes  of  Stagonolepis,  or  which  resemble  parts  which 
have  been  so  discovered,  sufficiently,  to  leave  no  doubt  as  to  their  real  nature,  are 
the  following: — 1.  Natural  casts  of  portions  of  three  dorsal  vertebras.  2.  The 
impression  of  the  posterior  end  of  a  sacral  vertebra.  3.  A  natural  cast  of  seven 
caudal  vertebree,  almost  undisturbed,  and  surrounded  by  their  scutes.. 4  A  num- 
ber of  impressions  of  detached  caudal  vertebras.  5.  Impressions  of  a  femur,  and 
of  other  bones  of  the  extremities  and  of  the  pectoral  and  pelvic  arches. 

"The  characters  of  the  vertebrae  at  once  remove  the  animal  to  which  they 
belonged  from  all  the  groups  of  the  Reptilia,  except  the  Crocodilia,  Dinosauria, 
or  Thecodont  saurians.  In  some  respects  the  vertebras  approach  those  both  of 
the  Thecodont  saurians  and  of  the  Dinosauria.  They  resemble  the  former  in  the 
shape  of  their  bodies,  the  latter  in  the  remarkable  direction  of  their  transverse 
processes.  On  the  other  hand,  a  careful  study  of  the  beautiful  series  of  Teleo- 
saurian  remains,  which  forms  a  part  of  the  Tesson  Collection,  lately  purchased 
for  the  British  Museum,  has  shown  me  that  in  every  character,  save  the  great 
angle  which  the  transverse  processes  of  the  dorsal  vertebras  of  Stagonolepis 
make  with  the  horizon,  the  vertebras  and  scutes  of  that  reptile  may  be  paral- 
leled by  those  of  Teleosauria.  The  sacrum  and  the  femur  are  both  Crocodilian 
in  their  characters.    The  coracoid  resembles  that  of  Hylasosaurus. 

''  Besides  these  remains,  there  can  be  little  doubt  that  the  natural  cast  of  part 
of  a  jaw,  containing  numerous  large,  conical,  recurved  teeth,  which  was  found 
in  Findrassie  quarry,  where  no  other  remains  than  those  of  Stagonolepis  have 
yet  beenidiscovered,  must  be  referred  to  the  same  reptile. 

"The  characters  of  the  footprints  are  such,  that  there  is  every  reason  to 
believe  they  may  have  proceeded  from  such  a  reptile  as  Stagonolepis." 

The  affinity  of  the  Stagonolepis  to  a  high  order  of  reptiles  might  well  induce 
caution  in  referring  the  rock  in  which  its  remains,  as  well  as  those  of  the  Teler- 
peton,  occur,  to  so  ancient  a  deposit  as  the  uppermost  Old  Red  or  Devonian, — the 
more  so  because,  if  the  tract  around  Elgin  alone  be  examined,  the  sections  will 
seem  to  be  obscure,  owing  to  great  denudation  and  thick  coverings  of  local  drift 
At  one  time,  indeed,  it  occurred  to  me,  that  the  light-coloured  sandstones  of 
Elgin  and  Burgh  Head  might  pertain  to  the  liassic  and  oolitic  series,  of  which 
there  are  large  masses  on  the  north  or  opposite  side  of  the  Moray  Frith,  as 
described  by  myself  (Trans.  G^eoL  Soc.  2  ser.  voL  ii.  p.  208),  That  hypothesis 
is,  however,  set  aside,  not  only  by  the  very  different  lithological  characters  of 
those  rocks,  but  particularly  by  the  &ct,  that  the  Elgin  and  Burgh  Head  ridges 
afiford  no  trace  of  any  one  of  ihoee  fossil  shells  and  plants  which  so  abound  in 
the  lias  and  oolites  of  the  opposite  coast  of  Ross,  Cromarty,  and  Sutherland, 
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including  the  white  ailioeous  sandstone  of  which  Dunrobin  Castle  is  built  In 
short;  after  my  last  visit^  and  on  reviewing  my  notes  of  1840,  when  I  made  my 
second  yisit  to  the  Elgin  tract,  and  also  explored  the  banks  of  the  Undhom  to 
the  south  of  Forres,  I  conclude  that  the  yellow  sandstones  (in  parts  white)  of 
Morayshire  are  as  fiurly  linked  on  to  the  red  conglomerate  and  sandstones  con- 
taining the  Holoptychius  Nobilissimus,  as  they  are  to  the  comstones  of  ^e 
tract, — ^the  whole  constituting  a  connected  and  natural  series,  the  details  of 
which  will  be  explained  to  the  Geological  Society. 

In  adhering  to  my  original  view  respecting  the  age  of  the  youngest  of  these 
Old  Red  deposits,  I  am  fully  aware,  that  the  question  may,  to  a  certain  extent, 
remain  open  for  those  persons  who  may  suggest  that  they  pertain  rather  to  the 
Lower  Carboniferous,  into  which  Devonian  strata  pass  in  many  countries,  tiian 
to  the  true  Devonian  group.  At  present,  however,  there  is  no  evidence  to 
induce  me  to  place  these  sandstones  in  the  Carboniferous  system ;  for,  although 
some  plants  have  been  found  in  strata  which  I  believe  to  be  their  equivalents  in 
one  of  the  northern  headlands  of  Caithness  and  in  the  Shetland  Isles,  they  belong 
to  species  never  yet  observed  in  the  Coal  strata.  On  the  other  hand,  it  is  fair 
to  state,  that  the  Holoptychii  and  those  fishes  which  characterize  the  Uppermost 
Old  Red  or  yellow  sandstone  of  the  South  of  Scotland  have  not  been  found  in  the 
Reptiliferous  Sandstones  of  Elgin.— iVbo.  27, 1858. 


R. — Additional  Fossils  in  the  Lingvla  Flags  ofTremadoe. 

MM.  Homfray  and  Ash,  who  have  been  recently  collecting  with  vigour  fossils 
around  Tremadoc,  have  enriched  the  fauna  of  this  zone  by  important  additions. 
The  typical  shell,  Lingula  Davisii,  which  is  found  in  great  quantities,  has  been 
so  affected  by  cleavage  and  pressure  as  to  have  assumed  the  form  of  several  distinct 
genera — such  as  Tellina,  Modiola,  and  other  Uvalve  shells.  With  this  shell  is 
associated  the  Cruziana  semiplicata.  The  highest  flags  of  this  zone,  as  seen  at 
Pojrtmadoc,  and  which  are  equivalent  to  the  beds  with  Olenus  (Angelina)  subar- 
matus  and  O.  Sedgwickii,  have  afforded  trilobites  which  Mr.  Salter  refers  to  the 
genera  Asaphus  and  Ogygia, — these  genera  being  characteristic  of  the  overlying 
Llandeilo  Flags.  By  this  discovery  the  Lingula  Flags  are  more  dosely  united 
than  ever  with  the  Lower  Silurian  rocks,  of  which,  indeed,  they  form  the  true 
fossiliferous  base.     (See  pp.  37,  43-48.) 


8, — Additional  Notice  on  the  Old  Bed  Sandstone  of  Morayshire, 

Already  in  1828  the  tract  was  so  far  described  by  Professor  Sedgwick  and 
myself,  that  we  not  only  imited  into  one  geological  group  its  lower  red  conglo- 
merate and  sandstone,  intervening  comstones,  and  superior  light-coloured  sand- 
stones of  Elgin,  but  we  further  showed,  that  the  fish-bearing  zone  of  Caithness 
was  traceable  to  the  south-east  of  Inverness  as  a  thin  course  of  shale ;  though 
we  there  detected  no  fishes  in  it. — ^Trans.  Geol.  Soc.  Lend.,  2  Ser.,  vol.  iii. 
pp.147,  ISOfetseq. 

The  remains  of  fishes  were  not  discovered  until  nine  or  ten  years  afterwards ; 
first,  I  believe,  by  the  zealous  and  distinguished  Dr.  J.  Malcolmson.  Lady  Gordon 
Cumming,  so  well  known  to  the  readers  of  the  works  of  Agassiz  and  Hugh  Miller, 
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followed  up  these  researchee.  Dr.  MalcolmsoD,  when  on  leaye  of  absence  from 
the  East  Indies^  detected  several  of  the  Caithness  fishes  at  Clune  and  Lethen 
Bar,  in  Nairnshire ;  and,  having  followed  up  his  discoveries  into  Morayshire, 
presented  to  the  Geological  Society  a  detailed  memoir  descriptive  of  these 
tracts  in  1839,  as  stated  p.  668.  This  paper  was  recommended  by  myself  to  be 
printed  in  the  Transactions  of  that  body;  but,  as  the  author  spoke  doubtingly 
respecting  the  genera  and  species  of  his  fossil  fishes,  and  did  not  feel  himself 
competent  to  describe  them,  it  appears,  by  a  reference  which  I  have  just  made 
to  the  records  of  the  Society,  that  the  order  for  the  publication  of  the  memoir 
was  deferred  by  the  Coimcil,  until  Agassiz^  the  great  authority  on  ichthyolites, 
should  have  determined  the  specific  characters  of  the  fossils^  In  the  mean  time 
a  dear  abstract,  giving  the  main  features  of  the  labours  of  Malcolmson  (above 
referred  to,  p.  668),  was  published  (Proceedings  Geol.  Soc.  Lond.  vol.  iii.  p.  341) ; 
and  shortly  afterwards  that  accomplished  man,  having  returned  t(f  India,  fell  a 
victim  to  his  zeal  in  pursuing  geological  researches  in  the  jungles  of  the  Bombay 
Presidency.  Doubtlessly  it  is  to  be  regretted  that  the  original  memoir  was  not 
completed  for  publication ;  but  the  absence  of  the  author,  the  want  of  a  scien- 
tific description  of  the  fossils,  and  my  own  occupations  during  the  next  four 
years,  when  pursuing  researches  in  Russia,  seem  to  have  combined  to  let  the 
period  pass  when  justice  ought  to  have  been  done  to  the  field-labours  of  poor 
Malcolmson.    Every  efibrt  will  be  made  to  honour  his  memory. 

My  respected  Mend  the  Bev.  G.  Gordon,  who  explored  parts  of  Morayshire  and 
the  adjacent  coimtiy  with  the  deceased,  having  recently  put  into  my  hands  the 
article  on  this  subject  before  alluded  to,  which  will  appear  in  the  January  number 
of  1869  of  the  '  Edinburgh  New  Philosophical  Journal,'  and  in  which  he  gives 
most  of  the  data  ascertained  by  Malcolmson,  as  taken  from  a  copy  of  his  memoir 
and  from  letters  addressed  to  him,  and,  further,  expostulates  with  the  G^logical 
Society  for  their  remissness  in  respect  to  that  memoir,  I  take  this  opportunity — 
now  that  I  have  looked  into  the  subject,  and  have  seen  the  original  paper  with 
its  illustrations — of  thus  explaining  the  circumstances  which  led  to  the  memoir 
not  having  been  printed  in  fulL 

In  mentioning  those  persons  who,  in  addition  to  Hugh  Miller,  Malcolmson, 
and  others,  have  done  such  good  geological  service  on  the  north-east  coast  of 
Scotland,  I  am  bound  to  go  as  far  back  even  as  my  own  earliest  researches  of 
1826,  and  to  state,  that  my  friend  Mr.  George  Anderson,  of  Inverness,  has  thrown 
much  light  upon  parts  of  his  native  country,  and  has  been  of  great  use  to  many 
an  explorer  besides  myself.  Mr.  Anderson  is  well  known  to  all  tourists  as  the 
author  of  the  'Guide  to  the  Highlands,'  in  the  third  edition  of  which  (pp.  344  to 
349,  &c.)  the  reader  will  fijid  an  able  summary,  by  the  late  Mr.  Alex.  Bobertson, 
of  the  Geology  of  the  Moray  Frith.— Dec.  10,  1868. 

T. — Devonian  Plants  of  British  North  America. 

Professor  J.  W.  Dawson,  Principal  of  M'GiU  CoDege,  Montreal,  has  lately 
determined  certain  new  genera  of  well-preserved  fossil  plants  from  the  Devonian 
rocks  of  Gasp^,  in  Canada.  His  memoir  is  about  to  be  read  before  the  Geo- 
logical Society,  and  illustrates  two  species  of  a  new  Lycopodiaceous  genus 
(Psilophyton),  a  new  Coniferous  genus  (Prototaxites),  and  some  interesting 
fragmentary  remain»  of  Lepidodendron,  Knorria,  and  Poacites. 
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U. — Ibraminifera  in  Lower  Silurian  Boehs, 
A  curious  addition  to  our  acquaintance  with  the  minute  fossils  of  the  green 
sand  of  the  Lower  Silurian  rocks  of  Russia  has  been  made  by  my  eminent 
firiend  Dr.  Ehrenberg,  who  has  discovered  that  many  of  the  green  grains  con- 
sist of  the  siliceous  casts  of  Foraminifera.  (See  British  Assoc.  Report  for  1854.) 
In  the  '  Proceedings  of  the  Berlin  Academy '  for  June  1858^  the  reader  will  find 
an  account  of  Ehrenberg's  latest  researches  on  the  subject^ — some  figures  of 
these  casts,  which  are  considered  by  him  to  be  new  forms^ — and  references  to 
collateral  observations  by  others. 

y. — Cohwr  retained  by  Silurian  Fossil  Shells, 
In  the  previous  edition  reference  was  made  (p.  495)  to  the  coloured  bands 
which  mark  certain  paleozoic  shells^  and  the  subject  has  been  again  mentioned 
in  this  volume  (p.  216).  Thus,  the  Turbo  rupestris,  Eichw.,  from  the  Lower 
Silurian  limestone  of  the  Chair  of  Eildare,  Ireland,  has  concentric  bands  of 
colour,  and  an  Orthoceras  of  the  Caradoc  sandstone  exhibits  very  distinct  longi- 
tudinal stripes.  Now,  as  Edward  Forbes*  has  shown,  that  coloured  shells, 
striped  or  banded,  do  not  usually  descend  to  greater  depths  than  from  15  to  20 
fathoms,  we  may  by  this  fact  strengthen  the  inferences  arrived  at  in  the  last 
chapter  frt)m  other  data,  that  some  of  the  Silurian  sea  beds,  extending  over  con- 
siderable areas,  were  formed  in  comparatively  shallow  water.  Mr.  Gwyn  Jefi^ys 
finds  that  coloured  shells  exist  at  greater  depths ;  so  that  the  conclusion  must  be 
adopted  with  caution. 

W.— Fossil  Fishes  of  the  Uppermost  Old  Bed  o/F^feshire. 

It  has  been  stated  in  the  Appendix  (p.  559),  that  a  fine  Holoptychius,  very 
nearly  akin  to  the  H.  Nobilissimus  of  Perthshire,  occurs  in  the  uppermost  yellow 
sandstone  of  Dura  Den  in  Fife.  My  friend  the  Rev.  John  Anderson,  D.D.  (well 
known  by  his  able  work,  ^The  Course  of  Creation'),  has  recently  detected 
many  well-preserved  ichthyolites  in  this  yeUow  sandstone  of  Dura  Den,  the 
largest  of  which  was  found  in  the  presence  of  Lord  and  Lady  Einnaird  and 
myself.  Dr.  Anderson  is  now  convinced,  that  this  splendid  specimen,  which 
measures  three  feet  in  length,  and  is  now  in  the  collection  at  Rossie  Priory,  is 
truly  the  H.  Andersoni  of  Agassiz. 

He  further  informs  me,  tiiat  the  yellow  sandstones  of  Dura  Den  contain 
ichthyolites  of  the  genera  Platygnathus,  Diplopterus,  Olyptopomus,  Holopty- 
chius, Pterichthys  (Pamphractus),  with  a  new  genus, — ^an  assemblage  which 
shows  that  certain  genera  range  from  the  Caithness  flags,  or  central  portion  of 
the  Old  Red  group,  up  into  its  highest  zone.  Dr.  Anderson's  finest  specimens 
are  in  the  British  Museum. 

X,— Silurian  Bocks  oflAUle  Boss  Island,  Rrkeudhright. 

After  describing  the  rocks  of  this  small  island,  and  showing  that  they  con- 
tained Graptolites,  both  double  and  single,  as  well  as  Orthoceratites,  &c,  Mr.  T. 
Stevenson,  the  eminent  engineer,  correctly  inferred,  sixteen  years  ago,  that  these 
strata  were  of  Silurian  age  (Edinb.  New  Phil.  Joum.  July  1842).  (See  Note 
in  this  work,  p.  175.) 

*  See  Proceedings  of  the  Royal  Sooiety,  vol.  vu.  p.  81. 

Digitized  by  VjOOQIC 


INDEX, 


Abberley  Hills»  10^-106;  Aymettry  rook 
of;  144;  Penman,  352. 

Abeniddy  Bay,  Lower  SilurUn  of,  54. 

Aberrstwith,  rocks  near,  81. 

Abich,  M.,  25,  388. 

Acanthospon^ia,  532. 

AoerYularia,  243,  532. 

AddaBDifl,  225,  537. 

Acrocmia,  548. 

Actinocrmus,  246,  535. 

Actinophyllum,  532. 

Acton  Bumell,  71. 

Acton  Scott,  71. 

Acton,  Mrs.  Staokbouae,  68. 

Aderabach,  foasil  forest  of,  343. 

Adipooere,  Lower  Silurian,  399. 

Adirondack  Mountains  (NewYork),456,&c. 

.Sfflina  (woodcut),  50,  184^  537. 

Adtere  Khmnische  Grauwacke,  419. 

Africa,  Silurian  of,  15. 

Agaasiz,  M.,  148,  265,  282,  284,  529,  &c. 

Agelacrinus,  207,  535. 

Agger  and  Lenne,  Devonian,  420. 

Agnostus  pisiformis  (woodcut  of),  45, 223 ; 
found  at  Malyem,  46. 

Abr,  Devonian,  429. 

Aikm,  Mr.  A.,  22. 

Aix-la-Cbapelle,  Devonian,  424. 

Alabama,  Paleozoic,  466. 

Albaracin  Mountains,  449. 

Alberbury,  Permian,  352. 

Alcarrac  (Spain),  445. 

Alison,  Sir  A.,  sketcb  by,  166. 

Allesley,  353. 

Almaden,  mines  of,  444. 

Alps,  phenomena  compared  with  the  Mal- 
vems,  107 ; "  stone  oU"  of,  283 ;  Austrian, 
390 ;  Australian,  491 ;  gold  of,  475. 

Altai  Mountains,  387. 

Alt-fawr  and  Com-y-£m  (section),  151. 

Alumschist  (SooUandY  168 ;  (Sweden),  366. 

Alum  slates,  fossils  or,  45 ;  (X^orway),  372. 

AlveoUtes,  241,  532. 

Ambonychia,  546 ;  Lower  Silurian,  213. 

America,  Silurian  of,  16,  247 ;  Devonian 
fossils,  297 ;  British  N.,  316 ;  Devonian, 
425 ;  (Paleozoic  rooks),  454 ;  rocks,  table 
of  formations  of;  472, 473 ;  gold  of,  498. 

Ammonia  in  Caithness  schists,  561. 

Ampdite  schist,  438. 

Amphion,  537. 

Ampyz  (Device  on  Covers  bv  the  late  Ed- 
ward Forbee),  225,  537,  538. 


Analysis,  chemical,  of  Silurian  deposits, 
570;  of  Caithness  flags,  560. 

Anderson,  Rev.  Dr.  J.,  559,  574. 

Anderson,  Mr.  Qeorge,  Highland  geology, 
573. 

Andes,  Peruvian,  454. 

Andoma  Hiver  ([Bussia),  385. 

Angers,  rocks  of,  434. 

Angelina,  a  new  trilobite,  52,  538. 

Angelin's  '  Palaontologia,'  46,  369,  372. 

Anglesea,  rocks  and  sketdi  of,  35. 

Ankerdine  Hill  (AbberleyX  106. 

*  Annab  of  Philosophy,'  for  Cambrian  de- 
posits, 23. 

Annandfde,  ichnology  and  Permian  rocks 
of,  351. 

Annelides,  burrows  of,  Longmynd,  26, 221 ; 
burrows  in  Stiper  Stones,  41 ;  burrows 
in  Lower  Silurian,  564;  Upper  Silu- 
rian, 259 ;  Llandovery,  235. 

Anodon  Julusii,  302. 

Anodontopsis,  254,  546. 

Ansted,  Mr.,  316,  477. 

Anthracite  (Pembroke),  293 ;  in  Cambrian 
strata,  25 ;  Lower  Silurian,  169. 

Anthracite  coal  of  Lower  Silurian  (Ire- 
land), 194;  schists  (BussiaV  377. 

Antioosti  Islajid  (Lower  Llanaovery),  460 ; 
no  Silurian  plants  in,  520. 

Ape  Dale,  71 ;  (sketch),  127. 

Aphrodita,  536. 

Apiocystites,  535. 

Appalachian  Hills  (America),  456 ;  ideal 
section  of,  467. 

Appalachian  and  Alleghany  Mountains,  18, 
631. 

Applegarth,  Dumfries,  167. 

Arachnida  in  coal,  323. 

Arachnophyllum,  242,  532. 

Ararat,  Mount,  388. 

Araucaria,  coal  plants  allied  to,  316. 

Araucarites,  Permian,  337. 

Arbroath  pavement,  276. 

Area,  255,  546, 

Archangel,  329 ;  Permian  shells  of,  359 ; 
Devonian,  381. 

Archegosaurus,  323. 

d' Archiac  and  de  Yemeuil,  MM.,  418, 434. 

Arctic  fossils,  468. 

Arctic  Begions,  Upper  Silurian  of,  511. 

Arctic  Begions  ana  British  N.  America, 
465,  &o. 

Arctic  Sea,  457. 
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Ardennes  slates,  418,  350. 

Ardoises  de  Parennes,  436. 

Ardwick  (Manchester^,  322.. 

Aronioolites,  Lower  Silurian,  221,  536. 

Arenig,  52. 

ArbuuHU,  Paleocoic,  456. 

Arkose  (Sweden),  366. 

Arolsen,  Permian,  336. 

Arragon  Mountains,  445. 

Arran,.!.  of,  351. 

Artem,  rock-salt  of,  339. 

Asaphus,  Lower  Silurian,  223,  538. 

Asoooeras  (woodcut),  259,  550. 

Ash  and  Homfraj,  MM.,  Lingula  flags,  572. 

Ashby-de-la-Zouoh,  Permian,  354. 

Ashes,  Yolcanio,  51,  83-93,  566. 

Asia,  Central,  rocks  of,  388. 

Asmus,  M.,  381. 

Assynt  (Sutherland),  553. 

Asterolepis,  Bussia,  Scotland,  381 ;  (Ame- 
rica), 462. 

Asturias,  Deronian,  423,  447 ;  mercury 
mines,  445. 

AthYris,542. 

Atkinson,  Mr.  T.  W.,  388. 

Atrypa,  Deronian,  297,  542. 

Auchenaspis  Salteri,  155,  552. 

Aulaoophyllum,  532. 

Aulopora,  242,  542. 

Aus^kul  Lake  (S.  Ural),  482. 

Austen,  Mr.  B.  Gfodwin,  296,  439,  569. 

Australia,  Silurian  of,  10 ;  gold  of,  in  Lower 
Silurian  rooks,  489 ;  carboniferous  fossils 
in,  320 ;  Selwrn's  Beport  on  Viotoria,  567. 

AusMia  and  U  od  Mountains,  474. 
Australian  Cordillera,  491. 

Austria,  rocks  of,  391. 

Autun,440. 

Ayeline,  Mr.  Talbot,  ^rface,  28,  30,  347 ; 

sections  by,  70,  88.  112. 
Avicula  (woodcut),  253,  546.' 
Aymestry  limestone,  137, 139, 142, 145  (sm 

Lewis,  Bey.  T.  T.). 
Ayrshire,  Silurian,  165,  171 ;   Old  Bed, 

288;  Permian,  351 ;  coal  of,  3ia 
Baokbury  Camp,  122. 
Baffgy  Point  (Devon),  294. 
Bahi  or   Caradoc,  67-82,  woodcuts  68, 
69, 70 ;  Norway,  370 ;  in  America,  473, 
531. 
Balkan,  rocks  of,  390. 
Ballaarat,  gold  nu^  of,  497. 
Ballycastle  (Ireland),  coal  of;  314. 
Balmae  Head,  fossils  of,  174. 
Baltic,  Silurian  of,  375 ;  Bussian  Silurian, 

565. 
Banifshire,  flagstones,  555 ;  fossils,  559. 
Bangor,  Cruziana  and  Chondrites  at,  46. 
Banks,  Mr.  B.,  153,  154,  265,  568. 
Bantry,  rocks  of,  186. 
Barcelona,  Silurian,  446. 
Barkly,  Sir  H.  (Victoria),  494^  495. 
Barmouth,  section  near,  44 ;  Cambrian 

of,  30. 
BamsUple  beds,  300;  (section),  294. 


Ban-  (Staffordshire),  110, 124. 
Barrande,  M.,  Dedication^  Preface^  15,  47, 
104,  393 ;  *  Primordial  zone,'  31 ;  *  Par- 
all^leentre  les  Depots  Siluriens,'  46, 369. 
Basalt  of  Clee  mils,  311. 
Bas  Boulonnais,  DcTonian,  439. 
Baschkirs  (Busaia),  485. 
Bassin  Silurien  (Bohemia),  394. 
Baumbach,  Baron  Ton,  409. 
Bavaria,  Permian,  342. 
Beatrioea,  not aplant,  460. 
Beaumont,  M.  llie  de,  411,  434,  523. 
Beche,  Sir  H.  De  la,  Dedication  and  Pre- 
face, 10,  43,  79,  124,  270,  293,  Ac 
Beck,  Dr.  (Copenhagen),  65. 
Beckles,  Mr.,  515,  558. 
Begwm  Hills,  137 ;  tilestones,  150. 
Bemert,  Dr.,  343,  344. 
Belcher,  Sir  E.,  468. 
Belgium,  Paleosoic  rocks,  423 ;  Cartxmi- 

ferous  rocks,  426. 
Bellerophon,  Lower  Silurian,  217 ;  Upper 

Silurian,  257 ;  LlandoTety,  234,  550. 
Ben  Glenisky  (Connemaia),  190. 
Benthall  Edge,  132. 
BenWyris,280. 
Beresite,  481. 

BeresoTsk,  484;  mines,  481,  485. 
Berlebux]ff  rocks,  429. 
Bemer,  M.,  406. 

Bemhard,  Duke  of  Saxe- Weimar,  339,^10. 
Berridale  Biver,  555 ;  (section),  28a 
Bfrwick-on-Tweed,  170. 
Berwickshire,  Silurian,  165. 
Berwyn  Mountains,  Llandeilo  beds  of,  53. 
Beverley  Minster,  348. 
Beyrich,  M.,  345,  391. 
Beyrichia,  Lower  Silurian,  223;   Upper 

Silurian.  463, 538. 
Bigsby,  Dr.,  Prtfact,  457, 461. 
BiSingen  Hills  (Sweden),  365. 
Billings,  Mr.  E.,  460,  471. 
Bingen^Bhine),  418. 
Binks  (Boxburghshire),  168. 
Binney,  Mr.  E.  W.,  322,  327,  351. 
Birds-eye  limestone,  459. 
Bituminous  schists  (Old  Bed),  section,  280, 

560. 
Black  Mountain,  61. 
Black  Biver  limestone,  459. 
Blackwell,  Mr.,  130. 
BUen-y-cwm  (South  WalesX  80,  95. 
Bobkye,  M.  de,  438. 
Bog  Mine  (Stiper  Stones),  49,  84. 
BogoslofiBk  (Ural  Mountains),  481. 
Bohemia,  crystalline  rocks  of,    19,   21 ; 

*  Primordial  zone,'  31 ;  Silurian  basin  of; 

199 ;  ancient  trilobites  of;  47 ;  Permian, 

343 ;  rocks  of,  391 ;  Silurian,  393;  gold 

of,  479. 
Bonar  Bridge,  554. 
Bone-bed  (Silurian),  149,  &c 
Bone   Wdly    Upper    Ludlow    rods    at 

(sketch),  146. 
Bos  aurochs  (Poland),  485. 
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Bosnia  (Deronian),  300. 

Soston  (U.  States!  fosnlB  of,  464. 

Botville,  vertical  Wenlock  limestone,  68. 

Boa^  M.,  390. 

Boulonnais,  GK>dwin-AuBten  on,  296. 

Braohiopoda,  Lower  Silurian,  208,  213; 
(Llandoyery),  229, 231 ;  Upper  Silurian, 
249 ;  Permian,  358 ;  Norway,  370;  Bo- 
hemian Silurian,  395,  542. 

Bradford,  Permian,  348. 

Bradnor  Hill  bone-bed  (Kington),  153; 
Tilestones,  153. 

Bramham  Moor,  349. 

Brampton  Bryan  Park,  101. 

Brand-erde,  87. 

Braimau,  Permian,  343. 

Bray  Head,  Oldhamia  beds  of,  27. 

Brecknock^iire,  Lower  Ludlow,  139 ;  Up- 
per Ludlow,  151 ;  Old  Bed  of,  271. 

Brecon,  Fans  of,  61,  271 ;  Ludlow  rocks 
of,  137;  Tilestones,  149. 

Brddden  Hills,  bedded  ash,  87. 

Brest,  Lower  Silurian,  437* 

Brickenden,  Captain,  289,  505,  558. 

Bridgewater  Treatise,  318. 

Brilon  (section),  429. 

Brindgwood  (section),  128,  137. 

Bristol  Channel,  Old  Bed,  275. 

Britain,  gold  in,  477. 

British  Isles.     See  Siluria. 

Brittany,  Lower  Silurian,  161,  437. 

Broccard's  Castie,  68. 

Brocken  (the  Han),  413. 

Brockhill  (MalYem),  152. 

Broderip,  Mr.  W.,  140,  515. 

Broken  Stones  (section),  99. 

Bromby,  Bev.  C.  H.,  323. 

Brongniart,  M.  A.,  306,  355. 

Bronn's  *  Gtnchichte,*  306. 

Bronteus,  538. 

Brora,  278. 

Brown  Clee  Hills,  271. 

Brown,  Dr.  Robert,  tiie  botanist,  355. 

Brown,  Bev.  T.,  312,  355. 

Bruce,  Migor  C.  Camming,  558. 

Brulon  (section),  436. 

Bryce,  Mr.  James,  353. 

BiTOCoa,  graptolites  allied  to,  65 ;  Lower 
Silurian,  203 ;  LlandoTery,  228 ;  Upper 
Silurian,  239 ;  Permian,  357,  541 . 

Bach,  Leopold  Yon,  Baron,  327, 342, 417. 

Budesheim  (Eifel),  Petiierwin  rocks,  425. 

Bufonites,  150. 

Boildwas  (Salop),  101. 

Boilth,  rocks  near,  50,  59,  61,  98 ;  section 
near,  151 ;  Ludlow  rocks  near,  137. 

Bnnter-sandstein,  332;  base  of  Trias,  336. 

Bnrdie  House  fishes,  312. 

Burgh  Head,  557. 

Burgos,  448. 

Biittner,  M.,  342,  410. 

Cabrales  and  Cobadonga,  448. 

Cader  Idris,  43 ;  (section),  91. 

Caer  Caradoc,  68-70. 

Caim-goch,  58. 


Cairn  Byan  slates,  171. 

Caimsmuir  granite,  179. 

Caithness,  277;  Plains  of,  and  section,  280 ; 
bituminous  schists,  2&2;  fishes  of,  in 
Russia,  381 ;  quarts  rocks,  554;  Bed 
Sandstone,  557;  flagstones  analysed, 
560. 

Caithness,  Earl  of,  560. 

Catamites^  of  the  coal,  321 ;  arenarius,  336; 
Permian,  354. 

Calceola-schiefer,  420. 

California,  455,  490. 

OalpofIreLmd,311. 

Oalymene  Blumenbachii,  wide  range  of, 
222,  223,260,  399;  upner  limit  <% 397. 

Camarophoria,  Permian,  358. 

Cambrian,  term  proposed,  8 ;  Wales,  21  ; 
Shropshire,  24;  Nortii  Wales,  28;  (sec- 
tion), 44;  (France),  434;  Scotiand,  166, 
197;  (Norway),  369;  Canada,  465, 467 ; 
fossils  in  Ireuuid,  561. 

Campecaris,  new  crustacean,  560. 

Canada,  Upper,  455,  &c. ;  DeYonian,  462. 

Cantabrian  Moimtains,  448. 

Cantyre,  180. 

Cac«  of  Qood  Hope,  DeYonian  fossils, 

2ld7y  4aU. 

Caradoc  (King  Caractacus),  6 ;  formation, 
former  mistakes  concerning,  8 ;  moun- 
tain of,  22 ;  formation  of,  or  Bala  beds, 
53 ;  at  Uandewi  Felfry,  56 ;  in  Carmar- 
thenshire, 59 ;  absent  near  Builth,  61 ; 
flankofBerwyns,62. 

Caradoc  fossils,  74;  formation  (Wales), 
76;  ScoUand,  172;  thickness  of,  194; 
rocks  in  Sweden,  372 ;  (Cherbourg),  437 ; 
(America),  473,  531. 

Caradoc  ridge,  a  sketch  of,  67,  68,  83. 

Carboniferous  limestone,  rocks,  datv  dea- 
Yage  of,  32;  general  relations  of,  308; 
(Russia),  384;  (Germany),  409;  (Russia 
and  Belgium),  426 ;  (France),  436, 440; 
(America),  462. 

Cardigan,  rocks  of,  81. 

Cardiganshire,  Caradoc,  81. 

Carding  Mill,  23. 

Cardington  (Salop),  72. 

Cardiohs  Lower  Silurian,  214;  Upper 
Silurian,  254,  546. 

Cardiston,  Permian  rocks,  352. 

Carmarthen,  Llandeilo  rocka  near,  58; 
Caradoc,  81 ;  Ludlow  rocdcs,  137 ;  Tile- 
stones, 149, 151 ;  Fans  of,  271 ;  Carboni- 
ferous rocks  of,  307. 

CamarYonshire,  lowest  rocks  contain  ores, 
30 ;  slates  and  slaty  cleaYage,  32 ;  igne- 
ous rocks,  566. 

Oanieddau  Hills  (Builth),  61 ;  trap,  88. 

Carolina,  South,  gold  of,  498 ;  North, 
mammal  in  Trias,  514. 

Carpathian  Moimtains,  342,  390. 

Carpenter,  Dr.,  226,  562. 

Carrick  MacReilly,  Wicklow,  Oldhamia, 
beds  of,  27. 

Caryocystites,  535. 

2p 


Digitized  by  VjOOQIC 


678 


INDEX, 


Caoano  de  Pradoi  M.,  443  et  seq, 

Caasel,  Permiaii  rocks,  335. 

Castle  HiU  (Dudley),  129. 
.  Caub,  slates  of,  419. 

Caucasus,  Deronian  fossils  of,  297;  rocks 
of,  388. 

Caudagalli grit,  472. 

CaTBn,  onthracitio  coal  of,  194. 

Cawdor,  Earl,  lead  mines  of,  78 ;  seats  of, 
67,309. 

Cefn-T^-garreff,  96-98. 

Cebi'j'gwjnue,  Llandeilo  fossils  of,  49. 

Cellepora,  640. 

CelliiJares,inooal,306. 

Cephalaspis  omatus  (woodcut),  155;  Mur- 
chisoiu  (woodcut),  166;  at  Didlow, 
267,  286,  562,  659;  in  Ayrshire,  560; 
base  of  Old  Bed,  272. 

Cephalopoda,  Lower  Silurian,  219 ;  Upper 
Silurian,  267 ;  Carboniferous,  319 ;  Per- 
mian, 359 ;  Bohemian  Silurian,  399, 550. 

Ceratiocaris,  M'Cot,  177  (woodcut),  262, 
638. 

Ceriopora,  641. 

Chastetes,  633. 

Charpentier,  M.,  529. 

Chatwall,  71. 

Chaxy  limestone,  172,  459,  473. 

Cheiracanthus,  286,  659. 

Cheirocrinus,  636. 

Cheirolepis,  286. 

Cheirotherium,  footsteps,  323. 

Cheirurus,  638 ;  Lower  Silurian,  225. 

Chemung  rocks,  46 ;  (DeTonian)  group,  472. 

Cheney  Longrille,  70;  flags,  72>75. 

Cherbourg,  rooks  of,  436. 

Cheriot  Hills  (section),  167. 

China,  old  rocks  of^  16 ;  Devonian  fossils, 
Silurian,  Ac,  297,  425. 

ChirbuiT  (section),  39,  51. 

Chiton  m  liandoTery  beds,  233,  548. 

Chondrites,  found  near  Bangor,46, 632,636. 

Chonophyllum,  633. 

Christuuua  (Norway),  rocks  of;  367. 

Church  Hill  (Salop),  140. 

Church  Preen,  101. 

Church  Pulverbatch,  Cambrian,  23. 

Church  Stretton,  Salop,  22,  23,  73. 

Cilgwyn,80. 

Cli^ksheugh,  Durham,  Permian,  347. 

Cladocora,  533. 

Clarke^  Bey.  W.  B.,  Australian  fossils  and 
gold,  16,  489,  492,  600. 

Clay-slate,  gold  in,  600. 

Cleayage,  sbty,  32. 

aeemUs,22,211,273. 

Cleidophorus,  255,  546. 

Climate,  dependent  on  physical  changes, 
526. 

Clinton  sroup,  460 ;  rocks,  472. 

Cliona,  5S2. 

Clisiophyllum,  633. 

aogher  Bay  (Ireland),  186. 

Clun  Forest,  Tilestones  of,  149. 

Clunes'  mining  field,  Australia,  494. 


Clyde  Biver,  169. 

Clymenia  limestone  (Bhine),  421. 

Clyro  Hills,  137. 

Coalbrook  Dale,  125,  131 ;  limulus,  318. 

Coal-fields,  origin  oi  305,  568;  relatioiis 
of,  306;  upper,  315;  upper,  of  Germany, 
332;  Saxony,  346;  (Susia),  384 ;  (Bo- 
hemia), 394;  Australian,  491. 

Coal  Island  (Ireland^  314. 

Coal  of  Northumberland,  311 ;  of  Scot- 
land, 311. 

Coblents,  Lower  Devonian  rocks,  419. 

Cocooeteus,  286;  Ireland,  302,  414,  504; 
(Bhenish  and  Devonian),  421. 

Cocking,  Mr.,  139. 

Codacanthus,  348. 

Coenitee,  633. 

Coleman,  Bev.  W.  H.,  354. 

CoUomb,  M.,  444. 

Colmer's  End,  124. 

Cologne,  Devonian  near,  420. 

Colonies,  Barrande's,  view  ot,  400. 

Colour  of  shells,  574. 

Colquhoun,  Colonel,  488. 

Colvin,  Colonel,  139. 

Combe  Martin  (Devonian),  294. 

Comus,  Mask  of,  138. 

Conglomerates,  Cambrian,  12,  196,  198, 
553;  Lower  Silurian,  174;  Old  Bed,  II, 
179, 195,  277.  656;  Permian,  334-353. 

Conisborough,  Castle  of,  349. 

Coniston  rcwks,  162. 

Conneman,  Bins  of,  190  (section). 

Conocephalus,  638  ;  (woodcut),  47. 

Conodonts  of  Pander,  268»  374,  662. 

Constantinople,  Devonian,  423. 

Conularia,  Lower  Silurian,  218;  Upper 
Silurian,  267,  650. 

Conybeaie,  Dean,  5,  361. 

Coomhola  srita,  30a 

Copepoda,  PteiTgotas  allied  to,  266. 

Coplunus,  147,  536. 

Copley  Medal,  11. 

Copper  in  Permian  rooks,  328. 

Coppermine  Biver,  468. 

Coquand,  Prof.,  442. 

Corals,  Lower  Silurian,  202,  Ac. ;  Upper 
Silurian,  240 ;  Carboniferous,  318 ;  Per> 
mian,  350,  632. 

Corda,  M.,  317. 

Cordillera,  America,  466 ;  Australia,  491. 

Cork,  186 ;  slates  of,  3ia 

Combrook  coal  basin,  311. 

Corncockle  Muir,  footsteps,  351. 

Comden  and  Shelve,  24 ;  lead  ores,  83 ; 
sketch  of  mountain,  38. 

Comiferous  limestone,  472. 

Cornish  miners  in  Australia,  474. 

Com  Mill  (Ludlow),  156. 

Comstone  (Old  Bed),  271 ;  Ireland,  3dl. 

Comulites,  Lower  Silurian,  221, 259,  536. 

Cwnwall,  Devonian  rocks  of,  292;  inyer- 
sion,  430 ;  gold  in,  478 ;  miners  of,  ^0. 

Corton  (Prnteign),  72,  101,  117. 

•  Cosmos '  of  Humboldt,  566. 
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CoflsatchiDatchi,  hills  of,  483. 

Cotentin,  schists  of,  437. 

Coul-more  and  Ooul-beg,  198. 

Courland,  Deyonian,  381. 

CoTentry,  Permian,  353. 

Cowell,  Mr.  J.  W.,  476. 

Cowley  Park  (Malvern),  106. 

Cradley,  Old  Bed  fishes,  668. 

Crania,  642. 

Credner,  M.,  map  by,  333,  410.     ' 

Crickhowell,274,289. 

Criffel,  Kirkcudbri^t,  166;  granite,  179. 

Criffelstein  slates  (Thuringia),  404. 

Crinoids,  Lower  Silurian,  205;  Upper 
Silurian,  247 ;  Permian,  367. 

Croghan-Einshela,  478. 

Cromarty,  Old  Bed,  275,  279. 

Crossopodia,  Lower  Silurian,  221,  637. 

Crotalocrinus,  636. 

Crow's  Kest,  49. 

Croion,  Bay  of  (France),  437. 

Crustacea,  Silurian  (woodcuts),  60,  63,  66, 
74,  76,  123,  166,  168, 184,  222  to  225, 
260, 266, 376 ;  notice  of,  226  to  227, 637. 

Crustacean  tracks,  168. 

CruzianasemiplLcata  (woodcut),  45;  Ame- 
rican, 464,  632. 

Cryptogamia,  of  coal,  306. 

Otenodonta,  Silurian,  213, 232, 646, 647. 

Cuculhen  (Deyonian),  300. 

Cucullella,  Upper  Silurian,  266,  647. 

Culm  of  Devon,  292;  (Hans),  416;  slash 
of  (woodcut),  309. 

Cultrea,  Permian,  363. 

Cumberland,  Old  Bed,  276;  graptolites 
in  Silurian  of,  161 ;  Permian  of,  361. 

dimming,  Lady  Gordon,  284,  672. 

Cummingston,  reptilian  footsteps,  668. 

Cunnin^am,  Mr.  B.  H.,  166,  196,  666. 

CuTier,^aron,  286,  617. 

Cwm-eisen-isaf,  gold  near,  477. 

Cwm-y-gerwn  (section),  79. 

Cyathaxonia,  633. 

Cyathocrinus,  636. 

C^athophyllum,  633. 

C^bele,  Lower  Silurian,  225,  538. 

C^clas,oftliecoal,32L 

C^donema,  548. 

C^nfil-Cayo,  sold  ornaments,  477. 

C^has^is,  698. 

C^phomscus,  638. 

C^ridina  (Devonian),  300. 

Cypridinen-Sohiefer,  303,  421. 

Cypris  of  the  coal,  322. 

Cyrtoceras,  Lower  Silurian,  220,  660. 

C^stiden,  81,  207  (woodcut),  229,  299; 
Upper  Silurian,  246  (woodcut). 

Cyitiphyllum,  533. 

Cytheie,638. 

Cytheropeis,  538. 

Dagden,  Isle  of  (Bussia),  377. 

Da«o,  Isleof,  378. 

Dab  Owen,  Dr.,  350. 

Dalecarlia  schists,  437. 

Dalgleish,  Mrs.,  569. 


Dana,  Mr.,  205,  244. 

Dargle  (Ireland),  183. 

Dartmoor,  gramte  of,  295. 

Darwin,  Mr.  C,  34,  456. 

Daubeny,  Dr.,  26,  618,  570. 

Davidson,  Mr.  Thos.,  201,  250. 

Davis,  Mr.,  and  lingula  Davisii,  43,  120. 

Dawson,  Mr.,  463 ;  Devonian  plants,  673. 

Dean,  Mr.  A.,  477. 

Dean  Forest^  1 ;  footprints,  323. 

Debris,  gold  in,  474. 

Dechen,  von,  339,  392,  417,  418,  420. 

Deiphon,  639. 

Dekay  and  Harlan,  179. 

Delanoue,  M.,  439. 

Delthyris  limestone,  472. 

Demj^ster,  Miss  (FronHapiece);  Mr.,  556. 

Denbighshiro  grits  (Wenlock  shale),  113, 
115,  126,  631 ;  Uandeilo  flags  oi  50. 

Dendrodus,  302,  380. 

Derbyshire,  Lower  Carboniferous  rocks  of, 
307 ;  Permian,  361. 

Devereux  Park  (Herefordshire),  121. 

Deville  and  Delesse,  MM.,  664. 

Devon,  South,  compared  with  North,  296. 

Devonian,  Chap.  I.,  13-16,  270  to  d(H 
rooks  in  Ireland,  301 ;  (Busma),  380 
E.  Germany,  392;  (Gwinany),  406 
(Bhine),417;  Belgium,  423;  (France), 
436.438;  Spain,  446;  (America),  461 
fossils  of  (woodcuts),  298,  299,  303 
base  of;  559. 

Devonshire,  slaty  cleavage  in,  32 ;  gold,  478. 

Diastopora,  541. 

Dicfaograpsns,  641. 

Dick,  Mr.  B.,  290,  667. 

Dictyonema,  641,  662. 

Didymograpsus,  641. 

Die-earth,  126 ;  fWenlock  shale),  101. 

Dimerocrinus,  5o6. 

Dimyaria,  546. 

Dinger,  M.,  341. 

Dingle  (Ireland),  185, 189,  301. 

Dioma  Biver  (Bussia),  Permian,  330. 

Diphyphyllum,  533. 

Diplacanthus,  286,  560. 

Diplograpsus,  66,  641. 

Diptwrus,  285,  286. 

Discina,  Lower  Silurian,  211 ;  Upper  Si- 
lurian, 249,  542. 

Disoopora,  541. 

Dithyrocaris,  539. 

Dnic^  Biver,  386. 

Docker  Park,  164. 

Dodman  (Cornwall),  Silurian  of,  160. 

Dolabra,  547. 

Dolbadam  Castle,  28. 

Dolgelhr,  fossils  of,  45,  91 ;  gold  near,  477. 

Dol-y-frwynoff,  gold,  477. 

Domanik-Sohiefer,  425. 

Don  Biver,  349,  385. 

Donaldson,  Mr.,  of  Sydney,  491. 

Doncaster,  348. 

Donegal,  rocks  of,  193. 

Donets,  gold-field  of,  317,  385. 
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Doonquin  Bay  (Ireland),  186. 

Dornoch,  Old  Red,  656. 

Down  (Ireland),  Bchista  of,  184. 

Downton  Castle  stone,  149 ;  plants  of,  150. 

Drabow  (Bohemia),  section,  394. 

Drammen  Biver,  367. 

Drayton,  his  '  Polvolbion,'  146. 

Dromotherium  sylyestre,  514. 

Dresden,  Permian  of,  345. 

Drrfe-water  (Scotland),  166. 

Dublin,  Cambrian  rock  near,  27  ;  Bay,  183. 

Dude,  Earl,  96,  110. 

Dudley,  110 ;  sketches  of,  129, 131 ;  lime- 
stone, 130;  £bsail8  of,  132. 

Duff,  Mr.  Patrick,  Elgin  Old  Bed  reptiles, 
289,558. 

Dumfriesshire,  Silurian  of,  165;  coal  of, 
313. 

Dumont,  M.,  423,  428. 

Dundee,  base  of  Old  Bed,  569. 

Dungannon,  314. 

Dunmore  Head  (Ireland),  186. 

Dunnet  Head  (section),  280,  282. 

Du  Noyer,  Mr.,  186,  188. 

Dura  Den  (Fifeshire),  275;  organic  re- 


Durham,  Permian,  397. 

Durness fossUs,  180;  limestones,  553, 555 ; 

quarts  rocks,  198. 
Diirsley  Cross,  near  Gloucester,  109. 
Dusseldorf,  coal-fields,  416. 
Dwina  Biver,  329. 
Dyneror  Park,  57,  79. 
Dyson,  Bev.  P.,  108, 152,  567. 
Earth,  probable  early  condition  of,  1,  3. 
Eastnor  Park  (Herefordshire),  129. 
Eaton,  Mr.  (United  States),  72. 
Eoculiomphalus,  Lower  Silurian,  218, 550. 
Echino-encrinites,  Upper  Silurian,245,555. 
Echinosphierites,  81,  ^,  555. 
Edinburghshire,  Silurian  rocks  of,  175; 

Carboniferous  rooks,  312. 
Edwards,  M.  Milne,  133, 240  to  244, 461. 
^erton.  Sir  P.,  156,  275,  287,  342,  558. 
S£renberg,  Dr.,  364,  574. 
Eichwald,  M.,  179,  356,  361,  365,  377. 
Eifel  and  Stromber^  limestones,  419. 
Eifel  limestone  fossds,  421 ;  inyersion  of, 

429. 
Eisenach,  Permian  of,  333. 
Eisleben,  Permian  of,  337. 
Ekaterinburg,  sold  near,  481,  485. 
Elbersreuth,  425. 

ElMngerode  (Hars),  Devonian,  415. 
Elburs  chain,  389. 
Electricity,  3. 

El^  Old  Bed,  277;  reptiles,  557,  571. 
EUipsooephalus  (woodcut),  47,  539. 
Elster,  Permian  banks  of,  341,  411. 
Emmons,  Dr.  E.,  514. 
Enallocrinus,  535. 
Enchmarsh,  71. 
Enorinal  limestone  (American  table),  472 ; 

schists  (Norway),  368. 
Enorinal  schists  (Norway),  368. 


Encrinites,  50,  63,  75,  132,  228,  247. 
Encrinurus,  539. 
Engelhardt,  M.,  403. 
Engelmann,  M.,  on  Texas,  19. 
Enniskillen,  Carboniferous  rocks  near,  314. 
Enniskillen,  Earl  of,  318,  333. 
Entomostraca,  Permian,  357;    Silurian, 

225,  262,  399. 
Enville  (section  near),  Permian,  352. 
Eppichhellen  (section),  334. 
EquisetaoesB,  316. 
Erbreich,  M.,  429. 
Erdmann,  M.,  365. 
Eribol  Loch,  rocks  of,  197,  552. 
Erman,  M.  Adolf,  15;  map  by,  498. 
Eacara^  (Spain),  448. 
Eschanna,  541. 
Estheria  in  Old  Bed,  288. 
Esthonia,  Un^olites  of,  374,  377 ;  Up 

Silurian,  378 ;  Pentamerus  xonec  ~ 
Estremadura,  Lower  SUurian,  445. 
Etienne,  St  (France),  440. 
Eucalyptocrinua,  535. 
Euomphalus,  215,  233 ;  Upper  SQurian, 

256  ;  (Devonian),  298,  5413. 
Europe,  gold  worked  in,  475 ;  Southem, 

Paleozoic  rocks  of,  446,  &c 
Eurypterus,  264,    265,    266,    (woodcut) 

274;  Carboniferous,  312,319;  Buasia, 

380  539. 
Evan^  Bev'.W.  B.  (sketdi  by),  142, 143,148. 
Ezquerra  del  Bayo,  M.,  4&. 
Falconer,  Dr.,  515. 
Falkland  Islands,  455. 
F^low  (Shropshire),  Pterioihthys  ai,  274^ 
Fauna,  Permian,  357. 
Faune  Primordiale  (Bohemia),  394. 
Favosites,  533  ;  Upper  Silurian,  241. 
Featherstonhau^  Mr.  G.  W.,  457. 
Felspar  porphyries,  86,  566. 
Fenestella,  541. 

Fermanagh,  Silurian  fossils  of,  184. 
Ferns  of  the  coal,  321,  &c. 
Ferriter's  Cove,  Silurian  fossils  of;  186. 
Ferry  Hill  (DurhamV  Permian,  d4a 
Ffestiniog,  grits  o^  52, 90 ;  Upper  Tingiila 


Ffymwy  Biver,  63,  77,  82. 

F^eshire,  Old  Bed,  288, 312 ;  fish,  574. 

Finland,  rocks  of,  374. 

Fischer,  Dr.,  179,  326. 

Fishes,  oldest  known,  148 ;  top  of  Silurian, 
155, 156,  267 ;  succession  of  Old  Bed, 
285;  Carboniferous,  318;  Permian, 
361 ;  Uppermost  Silurian  and  Devonian 
(BusBia),  380,  552. 

Fistulopora,  53a 

Flagstones,  north  of  Scotland,  555. 

Flaxley  (Gloucester),  fish-beds,  273. 

Fleming,  Dr.  John,  15, 175,  265»  276. 

Fletcher,  Mr.,  245,  260. 

Flintshire,  coal-field  of,  307. 

Flinx  (Devonian  strata),  422. 

Flora.    See  Plants. 

Florence  Court  (Ireland),  314. 
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Fliimini  Mamore  (Sardinia),  452. 

FOI07,  Ladj^mily,  122. 

<Footprint8,  of  Creator,'  286 ;  Canadian, 

458;  of  Old  Bed  reptUea,  505. 
Foraminifera,  574. 
Forbes,  Mr.  David,  372. 
Forbes,  Mdwtard,  Device  on  Cover,  201^  206, 

214,  245,  512,  525. 
Forbes,  Prof  James,  529. 
Foreign   looalities   of   Upper   Paleoxoio 

Forest  of  Dean,  271 ;  Carboniferous  rooks, 
307 ;  sauroid  footsteps,  323. 

Forfanbire  section,  276,  App.  B. 

Formation  of  gold,  487. 

Forster  and  Whitney,  Messrs.,  458. 

Fortune,  Mr.,  on  Cmna,  16. 

*  Fossa  Flora,*  lindlev  and  Button,  316. 

Fossils.  See  list  of  Woodcuts;  Table  of; 
531. 

Foumet  and  Graff,  MM.,  442. 

Fowey  (Cornwall),  Devonian,  423. 

Fownhope  (Herefordshire),  122. 

France,  Fermian  of,  350, 442 ;  Silurian  rocks 
of,  434,  435;  Devonian  rocks, 439 ;  Car- 
boniferous rocks,  440 ;  no  Vertebrata  in 
Silurian  rocks  ot  564. 

Franoonia,  Paleosoic  rocks  of,  402. 

Frankenhausen,  Permian  of,  338. 

Frankfort  Bailroad,  near  Eisenach,  333. 

FrankUn,  Sir  J.,  468,  470. 

Franxenbad  (G(ermany),  410. 

Frappoli,  M.,  435. 

Fraxer  Biver  gold,  495,  498. 

Freiburg,  rocks  of,  411. 

Friedland,  Permian,  348. 

Frodeslej,  71. 

Fuooid-bed  (Ludlow),  147;  in  Upper  Silu- 
rian of  Ireland,  188;  (Sweden),  366; 
(Thuringia),  404 ;  in  Lower  Silurian  of 
France,  561.     . 

Fuooids  in  Cambrian  rocks,  27. 

Fulda  Biver,  Permian,  335. 

Fosulina,  386,  463, 

'  Qeuk  Korvegica'  of  Keilhan,  366. 

Gallida,  Lower  Silurum,  445. 

Chdlowaj,  Silurum,  165,  191. 

Galway,  LUndovery,  fossils  of^  531. 

Qamrie  (Banff),  283. 

Ganoid  fish  (Siiurian)»  268,  287. 

Gas  from  Caithness  %;Btone8,  561. 

Gasteropoda,  548 ;  Permian,  350 ;  Lower 
Silurian,  215 ;  Llandovery  species,  233 ; 
Upper  Silurian,  256;  Bohemian  Silu- 
rian, 395. 

Gatchina  Biver,  379. 

Gatley  (section),  137. 

Gattendorf(G«rmanT\  407. 

Gavamie  (France),  4%3. 

Gedre  (France),  schists  of,  443. 

Geelong,  Carboniferous  deposits,  567. 

Geinits,  Prof.,  64,  79, 317,  327,  345,  355, 
403,  406,  569. 

Gelli  Hills  (section),  86,  89. 

Geognosy  01  Sutherlandshire,  555. 


Gera,  Permian  of,  335,  341. 

Germany,  Zechstein  of,  326 ;  Permian  rocks 
of,  331 ;  PalAOKoic  rocks,  397. 

Gerville,  M.  de,  435,  439,  Ac. 

Gibbs,  Mr.,  39-42. 

Giebel,  Prof.  C,  415. 

Ginetz  (Bohemia),  393,  394. 

Gipps,SirG.,  489. 

Gifard,  Prof.,  420. 

GKrvan  (Ayrshire),  172. 

Ghlamorgan,  Carboniferous  rocks  of,  307. 

Glasgow,  coal  fossils,  319. 

G-lauoonome,  541. 

Ghlengariff  grits,  186,  301,  303. 

GhliddonHm,  132. 

Ghlocker,  Prof.,  392. 

Gloucestershire,  Old  Bed,  271. 

Gliicksbrunn,  Permian  of;  335,  340. 

Glyptocrinus  (woodcut),  206,  535. 

Oly^tocystites,  535. 

Ghieiss,  oldest  or  fundamental,  12,  199, 
553 ;  in  America,  456. 

Goatfell  (Airan),  180. 

Goffofau,  gold  mines  of,  78 ;  cold  at,  477. 

Gbld,  formation  of,  474 ;  in  Britain,  477 ; 
Ural  Mountains,  479-486;  in  Lower 
Silurian  slate,  469;  of  Australia,  489; 
produce,  495,  499 ;  California,  496. 

Goldfuss,  M.,  421. 

Goleu^oed,  96. 

Gbniatite,  Carboniferous,  320. 

Ckmiatites,  first  horizon  of,  396. 

Gbniophora,  547. 

Gk>niophyUum,  533. 

Goppert,  Prof.,  306,  316,  343,  345,  355. 

Gordon,  Eev.  G.,  557. 

Gk>rran  Haven  (Cornwall),  Silurian  of, 
160. 

Gossan,  sold  of,  478. 

GK>thlana,  Upper  Silurian,  corals  of,  244 ; 
rocks  of,  365,  366. 

Ghraham  Island,  85. 

Grammysia,  Upper  Silurian,  254,  547. 

Ghrampians,  conglomerates  of,  559. 

Granham  (Pontesbury),  40. 

Granite  (Sweden),  366 ;  (the  Han),  414 ; 
gold  in,  500. 

Graptolites,  Lower  Silurian,  51,  62,  74; 
woodcuts  (Scotland),  169  «^  aeq. ;  (Iro- 
land),  185 ;  (Norway),  366 ;  (Sweden), 
364;  (BuBsia),  377;  (Bohemia),  395 
et  aeq. ;  (Thuringia,  &o.),  404  et  aeq. ; 
(Harz),  415 ;  (France).  436 ;  (Spain), 
446;  (Portugal),  451;  (America),  4M 
et  aeq.\  schists,  Abereiady  Bay,  54; 
UppOT  Silurian,  238 ;  (American),  459. 

Graptolithina,  55. 

Graptolithus,  541. 

Graptopora  or  Dictyonema  (woodcut),  47, 


Grau-lieflende,  334. 

Ghrauwacke,  unmeaning  term,  5,  23,  377, 

409 ;  Fossiliferous  (Spirifer-Saudstein), 

417. 
Gray,  Mr.  John,  245,  260. 
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Greenough,  Mr.  G.  B.,  5,  34, 36. 

Greenstone  in  Stiper  Stones,  39. 

Gretton  (Shropshire),  72. 

Grieston  elates,  167,  169. 

Griffith,  Sir  R,  183,  185,  301,  314. 

Griffithides,  318. 

Grindiod,  Dr.,  561. 

Guadftrams  Mountains,  447. 

Guiana,  gold  of,  499. 

Gurmaya  Hill  (Bussia),  329. 

Gutfaier,  Colonel,  331. 

Gypsum  in  Permian  rocks,  328,  337,  339. 

Haddington,  Carboniferous  rooks,  312. 

Hainauft,  coal  rocks,  426. 

Halbstadt,  Permian,  343. 

Hales  End  (Malyem),  153. 

Hall,  Prof.  James  (New  York),  19,  458, 
562. 

Hall,  Sir  James,  164. 

HaUoT,  M.  OmaUus  d',  417. 

Halyntes,  533. 

Halysites  oatenulatus  (chaiuHSoral),  great 
ranfle  of,  56,  533. 

Hamilton  and  Maroellus  shales,  462 ;  rooks, 
472. 

Hanau,  Permian,  335. 

Hanter  Hill,  102 ;  (sketch),  119. 

Harsreayes,  Mr.,  400. 

Harfaien,  Prof.,  165, 166, 168,170,175,327. 

Harlech,  Cambrian  of,  24,  30,  32,  42. 

Harley,  Mr.,  267. 

Harley,  Dr.  J.,  568. 

Harpes,539. 

Harpton  Court,  118. 

Harrogate,  349. 

Hartlepool.  Permian,  348. 

Han,  Permian  around  the,  333,  336 ;  Silu- 
rian and  Devonian  fpsiils  of,  415. 

Harsgerode,  415. 

Haughmond  Hill,  Shrewsbuir,  23»  25. 

Haugh  Wood  (Woolhope),  121 

Haute  Loire,  Uarboniferous  rocks,  441. 

Hayerfordweet,  Caradoc  near,  81. 

Hawkshaw,  Mr.,  on  coal,  316. 

Hawn,  Minor  F.,  470. 

Hay,  Herefordshire,  138. 

Hayden,  Dr.,  470. 

Hadar  Hill,  68. 

mbert,  M.,  418. 

Helderberg,  rocks  of,  461,  472. 

HeUolites,  533,  534. 

Hell,  M.  Hommaire  de,  389. 

Helmersen,  Colonel,  377,  381,  383,  487. 

Helmeth  Hill,  Salop,  68. 

Hemicosmites,  535. 

Henslow,  Prof.,  on  schists  of  Anglesea,  35. 

Herefordshire,  Silurian  rocks  of,  17 ;  Bea- 
con, 102;  Upper  Llandorery  rocks  of, 
98 ;  Upper  Silurian,  117 ;  Lower  Wen- 
lock,  120;  Tilestones,  149. 

Hergest  Ridge  (sketch),  119. 

Herschel,  Sir  J.,  419. 

Heteropod  MoUusca,  217,  218,  542,  550. 

Hibbert,  Dr.,  266. 

Highlands,  South,  Silurian  of,  16^% 


Highlands,  North-west,  Old  Gneias,  Gam- 
brian,  and  Lower  Silurian  of  (Frtmtu- 
piece),  12;  Lower  Silurian  oC  181-21, 
195-198  (woodcut);  217  (fossils);  199 
(section),  App.  B. 

Himalaya,  Silurian  of,  15. 

Hindostan,  fossils  of,  15. 

Hingenau,  Prof,  von,  392. 

Hirnant  limestone,  82. 

Hisinger,  M.,  foeeils  deicribed  by,  245l 

mtchoock,  Prof.,  on  fossil  footsteps,  323^ 

Hoar  Edge,  70. 

Hochstetter,  M.,  394. 

Hof(BaTaria),407,410. 

Hoi&nan,  Colonel.  481, 487,  512. 

Hoffinann,  Dr.  (analyses),  154,  5ea 

Hoffmann,  M.,  417. 

HoUies  limestone,  Shropshire,  100. 

Holly  Bush  Sandstone  (Maltem),  56, 104 ; 
fosnls  oC  561. 

Holopea,  Lower  Silurian,  215,  548;  Llan- 
dovenr,  233. 

HdopeUa,  215;  Lower  Silurian,  215; 
(LUmdoTery),  234.  548,  549. 

Hoioptyohius,  $74,  288,  312,  559,  574. 

Holyhead  (North  Wales),  36. 

Holy  Hill  of  the  Baschkun,  483. 

Homalonotus,  53,  147,  223,  53a 

Homfray  and  Ash,  MM.,  571. 

Hooker,  Dr.  Joseph,  152,  267.  283»  521. 

Hook  Point  (Pembroke),  159. 

Hope  Bowdler,  69. 

Hopkins,  Mr.  W.,  4,  523. 

Horeb  Chapel  (South  Wales),  Tilestones 
of,  151. 

Homer,  Mr.  Leonard  (Malvern),  108, 107. 

Hoy  Head,  283,  557. 

Howell  and  Geikie,  Mesars.,  312. 

Howler*s  Heath  (Malyem),  106. 

Howse,  Mr.,  327,  335,  347. 

Hradsohin,  the,  395.      * 

Hudson  Biver  rocks,  438,  458,  47a 

Hudson's  Bay  rocks,  466 

Humboldt,  Baron  yon,  326,  364^  455, 499, 
566. 

Humboldt  and  Rose,  MM.,  15,  566. 

Hundsriick,  the,  419. 

Hungary,  gold  rocks,  567. 

Hunt,  Mr.  T.,  460. 

Huntley  Hill  (Gloucester),  109;  (bone- 
bed),  153. 

Huron  Lake,  456. 

Huronian  nrstem,  456 ;  rocks,  473. 

Hutton  and  Playfair,  MessrB.,  164. 

Huxley,  Prof.,  45,  264, 269, 319. 375, 568, 
562,  564,  567,  571. 

Huxley  and  Salter,  Messrs.,  176, 177,  267. 

Hymenocaris,  521,  539 ;  (woodcut),  45. 

lohnology  of  Annandale,  351. 

Ichthyocrinus,  535. 

IchthyoUtes,  Silurian,  267;  Old  Bed,  273, 
285,421. 

leneous  rocks.  Lower  Silurian,  83. 

Ilefeld  (Harz),  section  near,  337. 

nfiaeombe,  294,  423. 
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nianuB,  Lower  Silnrian,  223,  539. 

lUinoiS)  Poleosoic,  456 ;  fossU  fish,  462. 

Umenau,  332. 

Bsenberg  (the  Han),  414. 

InchnadAmff  (Sutherland),  Lower  Silurian 
rocks  at,  12. 

India,  foeeils  in,  320.  * 

Indiana,  Paleosoio,  456 ;  Beyonian,  462. 

Inaeete  of  the  ooal,  321. 

Ineelsberg,  porphyry  of,  333. 

Intenaily  or  oaiues,  523. 

Intncaria,  542. 

InTerness,  277,  555. 

Inyertebrata,  Paleoeoio  rooks,  432. 

InYertebrata»  the  Silurian,  a  period  of, 
269.  503. 

Iowa  and  Wisconsin,  Paleocoic,  456,  463. 

Ireland,  Cambrian  rocks  of,  27, 183 ;  Lower 
Silurian  graptolites  of,  65 ;  trilobites  of, 
184 ;  Lower  Silurian  and  Upper  of,  184- 
192 ;  BeFonian,  188, 301 ;  CarbonifiBrous 
rocks,  313;  Silurian foesils of,  201 ;  Per- 
mian of,  353;  gold  of,  478 ;  altered  Si- 
lurian of;  190-193. 

Ireleth  slates,  163. 

Iron-ore  in  coal  depositB,  306. 

Ischadites,  535. 

"Jacob's  Stones,"  73. 

James,  Colonel,  197,  553. 

Jameson,  Prof.,  164. 

Jardine,  Sir  W.,  Bart,  167, 351. 

Jones,  Mr.  T.  Bupert  (Prrfaee),  262,  288, 
331,  357,  413,  600. 

Jukes,  Mr.  J.  B.,  125, 130, 186,  352. 

Jukes  and  Areline,  Messrs.,  114. 

Jukes  and  Bu  Nojer,  Messrs.,  193,  301. 

Kabara,  Permian,  335. 

Slama  Biver,  ^9. 

TTansas,  Permian,  470. 

Easan,  Permian  of,  328,  330. 

Katchkanar  (North  Urals),  480,  481. 

Keir,  Mr.,  130. 

KeUj,  Mr.  John,  185, 194. 

Kendal,  Upper  Silurian  starfish  of,  248; 
Tileetone,  164. 

Eenilworth,  Permian  of,  362. 

Eenley,  101. 

Kennedy's  Pass,  coast  section,  174. 

Kerrick  (Kirkcudbright),  175. 

Kerry,  rocks  of,  185,  Ac. 

Keys  End  (Chase  End  Hill),  Malyem,  104. 

Keyserling,  Count  AL  yon  (Dedication), 
(Prrface),  10,  326,  379,  512, 565. 

Kidaah  Biyer,  Permian  of,  330. 

Kieloe  (Poland),  391. 

Kildare,  Chair  of,  184. 

Kilkenny,  314. 

Killamey  Lakes,  185. 

KilleiT  Harbour  (section),  190. 

Kilnaleok  (Cayan),  anthracite  of,  194. 

Kiltorkan,  Beyonian  plants  in,  302. 

Kinahan,  Br.  B.,  28,  561. 

King,  Prof.,  327,  349. 

King  and  Howse,  Messrs.,  on  Permian, 
35(S. 


Kington  (Herefordshire),  119, 138, 154. 

Kinnaird,  Lord,  559, 574. 

Kinnekulle  (Sweden),  rocks  of;  365. 

Kintail,  199. 

Kirkby,  Mr.,  327. 

Kirkcudbright,  Silurian  of;  5, 16, 174, 574. 

Kirkwall  (Orkney),  557. 

Ejerulf,  M.,  369,  507. 

Klein  Neundorf,  section,  344. 

Knaresborough,  Permian,  348. 

Kner,  Dr.,  568. 

Knockaskeheen  (IreUnd),  190, 192. 

Koninck,  Prof.  L.  de  (li^ge),  233,  247, 

421,  423,  427. 
Kostroma  (Bussia),  Permian  of,  328. 
Koyanko,  M.,  16. 
Kramenzel-Stein,  421. 
Kronach  (Germany),  410. 
Kupfer-Schiefer,  326, 328 ;  section  of,  340 ; 

fish  of,  335. 
Kupfersuhl,  Permian,  335. 
Kutorga,  Prof.,  378. 
Kyfhauser,  Permian  of,  337. 
Labechia,  534. 

Ladegaards-o  (Norway),  368. 
Lahn  Biyer,  419. 
Lake  region,  N.  of  England,  162. 
Lake  Superior,  JL2oic  rocks  of,  19. 
LameUimncldata,  Lower  Silurian,  213 ; 

liandoyery  beds,  232 ;  Upper  Silurian, 

252;  Permian,  359,  546. 
Lammermuir  Tr»11«,  170. 
Lanarkshire,  rocks  of,  175;  schists,  560. 
Lancashire,  Silurian,  161 ;  Permian,  351. 
Languedoc,  rocks  of,  443. 
Laniwell  Biyer  (Caithness),  555. 
Lapland,  rocks  of,  365. 
Launoeston,  299. 
Laurentian  Bocks,  466,  473. 
Laurentine  Mountains,  455,  4o. 
Lawrence,  St.,  Biyer,  456. 
Lead  mines  (Stiper  Stones),  49 ;  worked 

by  Bomans,  50. 
Lectures  on  gold,  477.     . 
Ledbury,  Upper  Ludlow  of,  146. 
Leidy,  Br.,  462. 
Leintwardine  (Salop),  139. 
Lenne  Biyer,  Beyonian,  420. 
Lenne-Schiefer,  420. 
Leperditia,  539. 

Lepidodendron,  Old  Bed,  290,  316. 
Lepidosteus,  286. 
Leptesna,  543. 

Leptocheles,  not  ichthyic,  148,  263. 
Lrawick,  plants  of,  283. 
Lesmahago,  Upper  Silurian  near,  176, 177. 
*  Lethsa  Suecica '  (Hisinger),  336. 
Lewis,  Bey.  T.  T.  (Prrface),  6,  128,  142, 

144, 148,  260. 
Lewis,  Sir  G-.  Comewall,  118. 
Lewis,  Sir  T.  Erankland,  118. 
Leymerie,  M.,  443. 
lichas,  223,  260,  539.. 
lii^HiUs,  110,124. 
liebe,  Br.,  341. 
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liebenatoin,  S3&,  340. 

lieber,  Mr.,  476. 

Li^,426. 

lightbody,  Mr.,  139, 153. 

Lmiestone,  Lower  Silurian,  55,  459;  in 
mica-«chi8tB,  192;  (Woolhope),  117; 
Wenlock,  127-134;  Aymestry,  142. 

liimulaB,  Permian,  36 ;  of  the  oool,  318. 

lindley  and  Hutton,  316. 

Tfl'ngila,  in  Lower  Silurian  Sdper  Stonea, 
38,  42;  L.  Daviaii,  44,  45;  Llandeilo 
rocka,  74,206;  LlandoTeiT,  231;  Up- 
per  Silurian,  252;  Bchiata (Norway),  3^; 
I^oe,  500;  wit;h  Old  Bed  fidi,  382; 
Permian,  341 ;  flaga,  equivalent  of  Stiper 
Stonea,  30 ;  at  Stiper  StouM,  39,  43 ; 
near  Barmouth,  Beooon,  44 ;  iao,  new 
foasila  of,  562, 571. 

Linley,  Lonnnynd,  23. 

Linn»UB  on  I^orway  Bohista,  509. 

Linton  (Devon),  aection,  204. 

Lithostrotion,  woodcut  of,  319. 

Lituite8,220,258. 

Livin^prtone^  Dr.,  15. 

Lironia,  Denronian,  381. 

Llampeter,  79. 

Uampeter  Felfiy,  55, 81. 

Llanberia,  Paas  of  (woodout),  29. 

Llanbiater  (Badnor),  113. 

Llandeilo,  Beolaon  near,  57 ;  rooks  of,  94 ; 
flags,  linked  to  Lingula  flags,  48,  562, 
571 ;  lower  beds,  49 ;  of  Llandeilo  and 
Builth,  50;  lower,  K.  Walee,  52;  S. 
Walea,55;  and  Bala  rook  (section),  79 ; 
flags  and  Toloanic  grits,  86 ;  thickness  of^ 
194;  rocks  in  Sweden,  366;  (Norwaj), 
369;  ^Bohemia),  397 ;  (France),  434. 

Llandewi  Felfiy,  55 ;  section,  56,  81. 

LlandoTerr  rocks,  76;  (S.  Wales),  94; 
(Ireland),  186 ;  fossils  of,  227  et  ieq,; 
Pentamems  zone  of,  81 ;  (Scotland), 
172;  (American),  upper  rocka,  472; 
lower,  473 ;  sold  mines  near,  78,  477. 

Uandrindod,  61. 

LlanellY,  57. 

Llanfaelrhvs,  52. 

Llan^dock,  57 ;  section  near,  58. 

Llanidloea,  Tarannon  shalea  of;  114. 

Ilanrhaiadr,  63,  77,  82;  Caradoc  sand- 
stone,  63 ;  Llandeilo  flags  of,  50. 

Llanwrtrd  Wells  (Brecon),  60. 

Lloyd,  Colonel,  report  on  silver,  501. 

Llovd,  Dr.,  6.  148. 

Loch  Alah,  199. 

Loch  Assynt  (FywUitpieee),  12,  196,  554. 

Loch  Carron,  199. 

Loch  Duich,  196, 199. 

Loch  Durness,  180, 554. 

Loch  Eribol,  553,  555. 

Loch  Erne  Head,  478. 

Lockerby,  170. 

Lockhart,  Mr.  W.,  16,  425. 

Lodevo,  Permian,  350,  442. 

Logan,  Sir  Wm.,  19,  168,  196,  226,  315, 
456, 467. 


Logan  Water,  176. 

Long  Mountain  (Salop),  139. 

Longmjnd,  rocks  of;  12,  22,  28,  35;  (aeo- 

tion),  99 ;  fragments  of  this,  in  PermiaD, 

352;  Scotlandri66. 
Lonsdale,  Mr.W.(iV«s/«cc),  16,  16*»,  135, 

240,296,319,55a 
Lord's  Hill,  LLandeUo  fossils,  49. 
Loridre,  M.,  448. 
Lossie  Mouth,  557. 
Lothians,  Old  Bed  of,  288. 
Lough  Conib,  188. 
Lough  Erne  (Ireland),  314. 
Lou^  Maak,  188. 
Lov6n,  525;  and  Angelin,  366. 
Lowenberg,  Permian,  343. 
Ludlow  and  Wenlook  rocka,  union  oC  135 ; 

thickneea  of,  195. 
Ludlow  rook,  138, 145, 149;foasafiBh,  148; 

fossils  (IreUnd),  187 ;  transition  to  Old 

Bed,  SrrO;  (Sweden),  366;  slaifth  of, 

249;  (America)  460,  472. 
Ludlow  Castle  (sketch),  136;  Aymes^ 

rock  of,  144 ;  Prom<mtoi7  (section),  12&. 
Ludwig,  M.,  map  by,  336, 428. 
Lugg  Biver,  117, 138, 144. 
Lune  Biver,  tilestonea  of,  164. 
lAither,  his  residence,  334. 
LycopodiacesB,  Silurian,  267 ;  of  the  coal, 

Lycopodites,  Old  Bed,  290. 

Lyell,  Sir  C,  10,  28,  276,  304,  316;  and 
Mr.  Dawson,  323. 

Lvrodesma,  213. 

Maam,  Galway,  190. 

M'Coy,  Professor,  94, 133, 148,  172,  185, 
201,  226,  229,  240, 247, 263,  314. 

M^Culloch,  Dr.,  195,  222,  556. 

Macgillicuddy's  Beeks,  185. 

Macheria  not  fishes,  564. 

Macigno  (Upper  Ludlow^  146. 

Mackensie  Biver,  457. 

Mackrode,  Bev.  M.,  341. 

MacUien,  Mr.  C,  165, 175,  312. 

Madurea,  181,  182,  215,  216,  473,  550. 

Macrocheilua,  549. 

Maorostylocrinua,  535. 

Maentwrog,  Upper  lincula  flags,  48. 

Maestre,  M.  Amalio,  4&. 

Magdesprung,  414. 

Manieaian  lunestone  (Permian),  326, 327, 
328,347;  in  Lower SUurian, 350;  Bra- 
chiopods  of,  in  Permian,  358. 

Malcolmson,  Dr.  J.,  558,  572. 

Malmo,  rocks  of,  Norway,  367. 

Malvern  Hills,  black  schists,  46;  Lower 
Silurian  auccession  at,  111 ;  (aectionX 
105;  (sketch),  102;  Museum,  108;  May 
Hill  beds,  109;  (Woolhope  beds),  123; 
(Wenlock  shale),  125;  Wenlock  lime- 
stone, 129 ;  tilestone,  151 ;  and  Abberiey 
(Phillips),  201;  Aymesfary  rook,  144; 
Permian,  352 ;  Primordial  tone,  561 ; 
Old  Bed,  fishes  near,  568. 

Mammalia,  succession  of,  515-517. 
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Mammatt'B  *  Oeoloeical  Faote,'  315. 
Mammoth  and  gold  drift,  485. 
HancheBter,  ooal  foflsilB,  321;  Pennian 

fosnlB  near,  359 ;  Permian,  351. 
Mangerton,  Ireland,  185. 
Mansfeld,  Permian,  337. 
Mantell,  Dr.  Q.  A.,  266 ;  *  Wonders  of  Geo- 
logy,* 317. 
*  Manual  of  Geology,'  LyeU'B,  276, 285, 316. 
Marburg,  336. 

MaroelluB  and  Hamilton  rocks,  426. 
Maroou,  M.  Jules,  470. 
Marksulil,  Permian,  335. 
Marl  slate,  326;  Permian,  347. 
Marloes  Bay,  Silurian  of,  54 ;  sketch,  137, 

159. 
Marmora,  General  de  la,  451. 
Marrington  Dingle  (sketch),  84. 
Marsh  Brook  (Salop),  73. 
Marston,  Mr.,  153,  267. 
Marsupialia,  in  Purbeck,  515. 
Marsupiocrinus,  535. 
Martin,  Mr.  (Slgin),  558. 
Martley,  syenite  of,  103. 
Marwood,  beds  of,  294,  300. 
Mary  Knoll  Dingle,  138. 
Maryland,  Paleosoic,  457. 
May  HiU,  111,  144,  153. 
May  Hill  sandstone^  94,  100,  111,  123, 

144,  153. 
Mayo,  UandoTeiy  beds,  192. 
Meadowtown  (section),  39,  50. 
Medina  sandstone,  460,  472. 
Meek,  Mr.,  470. 
Megalomus,  214,  547. 
Meifod  rocks,  Caradoc,  72. 
Menai  Sinits,  36. 
Meneghini,  Prof.,  452. 
Merionethshire,  gold  in,  30,  477. 
Metamorpbism,  l8. 
Metamorphosis  of  trilobites,  401 . 
Mexico,  mines  of,  488 ;  gold  of,  500. 
Meyer,  Hermann  Ton,  306,  323,  413. 
Microlestes,  514. 

Midsummer  Hill  (Malvems),  104. 
Mierzkowski,  Dr.,  565. 
Milford  Haven,  275. 
MiUer,  Hugh,  13, 165, 176,  182,  196, 198, 

275,279,291,323,573. 
Miller,  Mr.  John,  290,  557. 
Millstone  grit,  308,310;  (Ireland),  314; 

(Spain),  448. 
Milne-Edwards,  M,  133,  240-244,  461 ; 

and  Jules  Haime,  205,  296. 
Milton,  John  (Comus  Wood),  138. 
MinenJ  changes,  instance  of,  309. 
Mineral  springs,  90. 
Mineral  veins,  83. 
Minnesota,  Paleozoic,  456. 
Missouri,  Paleosoic,  456. 
MitcheU,  Sir  T.,  498. 
Modiola,  322,  350. 
Modiolopeis,  213,  253,  547. 
Moel  Hebog,  43. 
Moel-y-Gest,  fossils  of,  47. 


Moel-y-Golfa,  87. 
Moffat,  Silurian  rocks  of,  167,  170. 
Moldau  Biver  (Bohemia),  394. 
Molina  (Airagon),  Silunan  of,  446. 
Mondago  Biver,  450. 
Mongolia,  rocks  of,  388. 
Monmouth,  Old  Bed,  271 ;  Carboniferous 
rocks  of,  307. 

Montgomery  f section),  Denbifffa  grits,  113. 

Montgomeiyuiire,  9;  lianckilo  of,  48; 
Caradoc  of,  62,  67 ;  Upper  Silurian  of, 
139. 

Moore,  Mr.  Charles,  514. 

Moore,  Mr.  John  Carrick,  171. 

Moravia,  rocks  of,  391. 

Moray  Frith,  277. 

MorcGford  (Herefordshire),  122. 

Morris,  Prof.  John  (Prrface),  238,  331, 
403,531. 

Moscow,  Jurasaio  rocks,  385. 

Mount  Eagle  (Ireland),  section,  189. 

Mowddach  Biver,  477. 

Muller,  work  on  Echinodenns,  248. 

Mullock  Hill  (Girvan).  172. 

Mummies,  in  Lower  mlurian,  399. 

Miinster,  Count,  402. 

Miinster-Eifel,  429. 

Murchison,  Sir  R  I.  See  '  The  Silurian 
System ;'  *  Buasia  in  Europe,  and  the 
Ural  Mountains;*  *Siluria;'  'London 
and  Edin.  Phil.  Mag.;'  'Trans.'  and 
*  Joum.  Geol.  Soc.,'  £o.  &c.,  passim. 

Murchison,  Lady,  sketches  by,  102,  129, 
195,  306,  309. 

MurohiBonia,  215,  233,  257,  549,  553,  &c. 

Murray,  Mr.  A.,  460. 

Murray  (Moray)  Frith,  Old  Bed,  277. 

Musdewick  Bay,  55. 

Museum  of  Practical  GKsology,  150. 

Museum,  Woodwardian,  201,  226,  229. 

Mutations,  former,  527. 

Mynydd  Epynt  (Breconshire),  60,  139. 

Myrianites,  221, 59^. 

Mytilus,  547. 

Mytton  Dingle,  fossils  of,  49. 

Nairn,  OldBed,  277 ;  fossU  fish  of,  286. 

Namur,  427. 

Nant-y-Moen,  mines  of,  78. 

Kant-y-Bhibo  (section),  79. 

Narberth  (Pembroke),  152. 

Narva  (Bussia),  373,  374. 

Nash  Scar  (section),  118. 

Nassau,  Cypridina-Schiefer,  422. 

Natica,540. 

Nauheim,  428. 

Naumann,  Prof.,  327,  343,  403,  &c 

Nautilus,  399,  520. 

Nebulipora,  534. 

Neffies  (France),  rocks  of,  442. 

Nemertitee,  537. 

Nereites,  221,  537. 

Nethan  Biver,  176. 

Netzberg  (South  Harz),  section  at,  337. 

Neuilly,  rocks  of,  425. 

Neva  Biver,  373. 
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New  Caatile,  Silurian,  446. 

Ndwoasde  ooftl-flelds,  315. 

New  Bed  (Keuper),  109. 

Newton  Buahell,  296,  298. 

Newtown  (Tramore),  185. 

New  York,  Paleoeoic,  457 ;  Natural  Hia- 
toiyof,463. 

Niagara  shales,  460;  limestones,  469; 
rooks,  472. 

Nicholson,  Sir  C,  491. 

Niool,  Prof.,  165, 173, 180, 197,  553. 

Nid  Biver,  Permian,  34. 

Nidulites,  228,  542. 

Nuni-NoTMorod,  Permian  oi,  328. 

Nils  Hill  (Pontesbury),  41. 

Nilsson,  M.  ^weden),  366. 

Noeth  Grug  (South  WaloO,  95,  96, 

Normandy,  rooks  of,  438 ;  iWonian  of,  439. 

North  Hill  (Malrem),  103. 

North  Wales,  metamoiphio  rocks  of,  18 ; 
Cambrian  rocks  in,  2o,  30 ;  Lower  Silu- 
rian, sections  and  fossils  of^  42  e^  se;. 

North  America,  19, 21,  Chan.  18. 

Northumberland,  rocks  of,  307. 

Norway,  graptolites,  66 ;  conformable  Si- 
lurian succession  in,  510;  rooks  of,  367. 

Nottinj^iam,  Permian,  347,  35JI. 

Nora  &x>tia,  rooks  of,  66,  323. 

Nucula,  213,  233,  255. 

Nugget^  the  Blanch  Barklj,  484 

Nutbeny  Hill,  176. 

Oberland  (Meiningen),  404. 

Obolus,  543. 

Ocean,  great  depth  of,  525. 

Odemheimer,  M.,  493. 

Oeeel,  Isle  of;  378,  565. 

Oeynhausen,  M.,  392, 417 ;  map  by,  43a 

Ogaaa  (l^renees),  446. 

Ogwell  (S.  Deron),  fossils  of,  296. 

Ogygia  (woodcut),  53,  61,  539. 

Omo,  Deronian,  462. 

Old  Church  Moor  (section),  99. 

Oldham,  Prof.  T.,  183. 

Oldhamia,  27. 183,  561. 

Old  Bed  Sandstone,  early  researches  in,  5 ; 
why  termed  Devonian,  13 ;  (Scotland), 
Sedgwick  and  Murchison,  195;  bottom 
beds  (S.  Wales),  152 ;  (Builth  and  Hay), 
138 ;  transition  beds  of,  149 ;  (Scotland), 
275 ;  section  of,  280 ;  of  Silurian  nxion, 
273;  fishes,  285,  286 ;  reptiles  of ,  289 ; 
plants,  289 ;  Huffh  Miller  upon,  279 ; 
iMse  of  (Scotland),  559 ;  salt  of,  330; 
fishes  (Bussia),  380;  (Norway V  367; 
upper  oeds  oi,  308;  (America),  472; 
important  additions  to,  557. 

Olenus  (woodcut),  45;  Malyem,  46,  539. 

OlmutE,  Devonian,  392. 

Omphyma,  242,  243,  534. 

Ondius,  269,  552. 

Oncoceras,  182,  217,  552. 

Oneida  sandstone,  460 ;  Burypteri  of,  179 ; 
con^omerate,  473. 

Onny  Biver  (section  at),  72,99, 128, 137. 

Onondaga  limestones,  459;  salt  rodu,472. 


Ophileto,  217,  549. 

Oporto,  Lower  Silurian  near,  449. 

Orbigny,  M.  Aldde  d',  246,  327,  454. 

Ord  of  Caithness  (section  from),  280. 

Order  of  primeval  rocks,  17-22. 

Or^n,  ^)5. 

Orel  (Bussia),  Devonian,  581. 

Orenburg,  Permian  of^  220;  steppes  of^ 
329. 

Organic  remains.  SMListof  Illustration% 
XV.,  and  App.  532. 

Oriskuiy  sandstone,  461, 472. 

Orkney  Islands,  section  frtnn  Gaithness  to, 
280;  and  SheUand,  290.  292,  557. 

Ormerod,  Mr.,  327. 

Ormo  (Norway),  360. 

Orthis,  206,  231,  249,297,  543,  544. 

Orthisina,  233,  544. 

Orthoceras,  217, 219,  234,  551, 552  (wood- 
cuts of),  219, 258,  377,  258,  319. 

Orthoceratite  limestone,  368,  374. 

Orthonota,  213,  233,  254,  54& 

Oswestry,  coal-fields  of,  307. 

Ottawa  Biver,  466. 

Owen,  Prof.,  226.  323,  503;  on  Permian 
reptiles,  363,  558 ;  on  Conodonia,  562. 

Owen,  Dr.  Dale,  work  aUuded  to,  19, 390 ; 
(Drs.  Norwood  and  Shumard),  461 

Osersky,  Colonel  (Bussia),  365, 378. 

Paoht,M.B.,384. 

Paffitkth  (Bhine),  421. 

Page,  Mr.  D.,  157,  317,  560. 

Pipette,  M.,  443. 

Palasster  (woodcuts),  208,  249,  535. 

PalflBochorda,  532. 

Palaocoma  (woodcut),  141,  535. 

Palsocydus  (woodcut),  534. 

PalsBoniscus,  348. 

PalsBopyge  Bamsayi  (woodcut),  26. 

Palasterina  (woodcut),  249,  536. 

Palechinus,  536. 

Palencia  (Spain),  448. 

Palichthyologic  notes  (Sir  P.  E^nrton),  31& 

Palmer's  Cairn  (sketch),  143. 

Pander,  M.  (Bussia),  226,  268,  374,  381 ; 

on  Conodonts,  503,  562,  563. 
Parabatrachus  Colei,  323. 
Paradoxides  (woodcut),  45 ;  (Sweden),  366 ; 

^hemia),  394;  (America),  464,  540, 

*Parall^  entre   lee   Ddp6to   Siluriens' 

(Barrande),  46. 
Parennes  (section),  436. 
Parka  dedpiens,  265,  540. 
Parker,  Bev.  J.,  39. 
Parkinson,  *  Organic  Bemains,'  248. 
PateUa  (woodcut),  215,  549. 
Pattison,  Mr.  S.  B.,  299,  478. 
Peach,  Mr.  Charles  (Preface),  12, 160, 180, 

181, 196,  282,  286,  653,  556. 
Peebles-shire,  Silurian  rooks  of,  164. 
Pekin,  Paleosoic  rooks  of,  16. 
PeUico,  M.,  445. 
Pembrokeshire  South,  Llandeilo  of,  31 ,  54- 
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81 ;  CariMloc  of,  77 ;  Tolcanio  aah,  93 ; 

.  tilestones,  152;  Old  B«d  of,  275 ;  Gar- 
boniferouB  rockB,  310 ;  (section)  general 
order  in,  310 ;  igneous  rocks  of,  566. 

Peninsula,  sold  of  the,  479» 

Penmorfa,  rossils  oC  47. 

Pennant)  Colonel,  29. 

Pennine  chain,  349. 

Penn^lTania,  rocks  of,  456 ;  footsteps,  323. 

PentameroB  rocks  and  fossils,  81,  94,  96, 
98,  99,  229,  230,  251,  298,  378;  (Nor- 
^^7)«  367;  (Russia),  378;  (America), 
472;  P.  oblongus,  510,  544. 

Pentland,  Mr.,  454. 

Pentland  Frith,  282. 

Pentland  Hills,  167,  169. 

Pepinster  (Belgium),  DeFonian  oonglo- 
merate,  296. 

Percj,  Dr.  John,  25,  477 ;  on  gold,  487. 

Perieohocrinua,  246,  536. 

Perkina'  Beech,  Stiper  Stones,  49. 

Perm,  goTemment  and  city  of,  329. 

Permian,  name  of,  why  given,  14 ;  rooks  re- 
lated to  carboniferouB,  308 ;  of  Perm, 
328 ;  plants  of,  331, 569 ;  origin  of  term, 
326;  of  Busma,  328;  (Saxony),  345; 
section  of,  and  of  Trias,  346 ;  rocks  of 
Britain,  347;  fossils, 350, 354;  west  and 
centre  of  England,  351 ;  Scotland,  351 ; 
flora,  354;  fauna,  357;  fish,  360 ;  rocks 
(France),  442;  (America),  470;  gold, 
subsequent  to  deposit  of,  487 ;  dose  of^ 
513 ;  epochs,  bio ;  succession  of^  515. 

Persia,  Deronian,  389. 

Perthshire,  Old  Bed  of,  288. 

Petherwin,  299;  section  of,  294. 

Petraia,  228,  534. 

Petroleum,  283. 

Petschora,  rocks  of,  379. 

PeEenas,442. 

Phaoops,  225,  540.    &e  Plates. 

Phillips,  Professor  J.,  8 ;  on  Malrem  and 
Abberley  Hills,  9,  102,  108;  on  slaty 
deayage,  33, 46, 104, 106, 121, 129, 327 ; 
•Geolo«y  of  Yorkshire,'  311,  493. 

PhilUps,  Miss  (Malyem),  107. 

Phillipsia,  318.  . 

*  Philosophical  Magarine,*  older  Paleozoio 
rocks,  &C.,  23. 

Phosphoric  add,  absence  of,  in  Asoic  rocks, 
518,  570. 

PhragmOoeras,  258,  552. 

Phylfopora,  542. 

Pictou  (NoTa  Scotia)  coal,  reptile  of,  323. 

PiBOcrinus,  536. 

Pitchford,  Salop,  mineral  pitch  of,  25. 

PUcoderms,  383. 

Plaoodua,  a  reptile,  514. 

Plants,  Upper  liudlow,  150,152 ;  Devonian, 
289,  408;  Carboniferoua,  305  et  aeq.; 
Permian,  331,  354,  432, 532,  569. 

Phidnum  in  the  Ural,  481. 

Platte  Biver,  Permian,  470. 

Platycrinus,  536. 

Platyschiama,  549. 


Plauen  (Oermany),  410. 

PUy,  M.  le,  443. 

Playfair  and  Hutton,  164. 

Plectrodus,  155,  268,  552. 

PleurocTstites,  536. 

PleurorhynohuB  (woodcut),  253,  548. 

Pleurotomaria,  233,  257,  549. 

Plieninger,  M.,  514. 

Plymouth,  298 ;  Devonian  locks,  424. 

Podolia  (Bussia),  Euiypteri  of;  179. 

*Poissons  du  Yieux  Gree  Bouge'  (Ag.), 
284  etpauim, 

Poland,  rocks  of,  391 ;  Bos  auiocha  of^  485. 

Policy,  rocks  of^  434. 

PoltLmore  mine  (Devon),  gold  of^  478. 

PolyphractuB,  286. 

Polypora,  542. 

Pomeroy,  fossils  of,  184, 193. 

Pontefract  rock,  349. 

Ponteebury,  38, 41. 

Pont  Ladies  (liandeilo),  57. 

Porambonites,  544. 

Porphvry,  Thuringerwald,  333;  eruption 
in  Brecknockah&e,  60;  traversing  Old 
Bed,  276;  gold  in,  500. 

Portage  (Devonian)  group,  472. 

PorUock,  Major-Gen.,  182, 184, 193,  201, 
256. 

Portugal,  deposits  of,  449. 

Posidonomya  Becheri,  311. 

Poteriooeras,  552. 

Poteriocrinus,  536. 

Potsdam  sandstone,  19,  41,  45,  226,  458. 

Powerscourt^  184. 

Powis  Castle,  sketch  of;  88. 

Prado  de  Casiano,  M.,  15. 

Prague,  rocks  of,  393 ;  Lower  Silurian,  395. 

Pratt,  Mr.,  446. 

Precelly  Hills,  schists  of,  155. 

Presteign,  Llandovery  beds  of,  101 ;  rocks 
near,  120. 

Prestwich,  Mr.  J.,  320. 

Primordial  zone  of  M.  Barrande,  the  equi- 
valent of  the  Stiper  Stones  and  Tiinglila 
Flags  of  Britain,  31. 

Pring,  Mr.  J.  D.,  294. 

Proctor,  Mr.,  139. 

Productus,  Permian,  341 ;  woodcut^  359. 

Proetu8,548. 

Promontory  (Ludlow),  137. 

Protaster  (woodcut),  141,  249,  536. 

Protichnitee  Sooticus,  168,  548. 

Protorosaiuns,  the,  506. 

Protovirgularia,  168,  404,  542. 

Prunocystites,  536. 

Prussia,  Paleozoic  rocks,  416 ;  (Bhine  Pro- 
vinces) Garboniferous  rocks,  426. 

Przibram  (Bohemia),  393,  394. 

Psaronites,  Permian,  337. 

Pseudocrinites,  245,  536. 

PteraspiB  in  transition  beds,  149,  .^2,  567. 

Pterichthys  in  Shropshire,  274 ;  in  Caith- 
ness (woodcut),  2^ ;  at  Farlow,  289. 

Pterinea,  Lower  SUurian,  212;  Llandoveiy 
beds,  232 ;  Upper  Silurian,  252,  546. 
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Ptoropoda,  Lower  Silurian,  218 ;  LUndo- 
Tory,  234 ;  Upper  Silurian,  257i  650. 

Pterotheca  (woodcut),  218,  550. 

FterygotuB,  140,  156 ;  in  transition  rooks, 
149;  P.  AnglicuB  (woodcut),  155;  Upper 
Silurian,  263, 266;  Scotch  forms of,178; 
(Bohemia),  400,  567. 

Ptalodictya,  228,  230,  542. 

Ptyohophjllum,  534. 

Pulverbatch.    See  Church  PulTerbatoh. 

Purbeck  mammalia,  new  disooyeries  of,  in 
Dorsetshire,  515. 

Pygopterus,  d4a 

Pyrenees,  rocks  of^  443^  &c. 

^ritonema,  534. 

Pyrton  Passaoe  (Glouoestershire),  110. 

Quantock  HiUs,  294. 

Quarts  rocks  (Silurian),  north  of  Sootland, 
180, 196,  553. 

Quarts  yeins,  gold  in,  497. 

Queenaig  Mountain  (Sutherland),  Fron' 


Quetett,  Piof.  J.,  226,  290;  on  Cono- 
donts,  503,  562. 

Badnor,  rocks  of,  81 ;  Valeof,  118 ;  Forest 
of,  137,  149. 

Badnor,Old,HTparsth0nerocknear,89,lOl. 

Badnorshire,  JjlandoTeiy  rocks  of,  98; 
(section)  Tarannon  shales,  113 ;  (Wool- 
hope  beds),  120. 

Bagged  Stone  Hill  (Malyem),  104. 

Bagleath  (Salop),  68. 

Bammelsberg  (Bars),  Deronian,  415. 

Bamsay,  Prof.  A.  {FtrfaceY  9,  10,  30,  43, 
79,  82,  91,  313,  352,  362, 457 ;  table  of 
American  rocks,  471. 

Banfle  of  Silurian  fossils,  531. 

Baphistoma  (woodcut),  215,  549. 

Bastritee,  65,  542. 

Beceptaculites,  466. 

Bedaway,  Mr.,  492. 

Bedonia  (Bibeiria),  50,  397. 

Bed  Sandstone^  Lower,  or  Permian,  326. 

Befirath  (Bhine),  421. 

Beichelsdorf,  Permian  of,  335. 

Bemopleurides,  540. 

Benn-steig,  the,  332. 

Beptiles,mOldBed,289,505,568;  Car- 
boniferous, 323 ;  Permian,  361,  362. 

Betepora,  542. 

BetioUtes,  542. 

Betna,544. 

Bhayader,  Silurian  rocks  near,  81. 

Bhemhardts  Brunnen,  335. 

Bhenish  Proyinces,  rocks  of,  402. 

Bhenish  Prussia,  419. 

Bhind,  Mr.  J.,  26. 

Bhine,  rocks  on,  416 ;  gold  of,  479. 

Bhizopoda,  Permian,  356. 

Bhopalocoma,  536. 

Bhynchonella,  Lower  Silurian,  212 ;  Llan- 
doyery,  230 ;  Upper  Silurian,  249 ;  (De- 
yonian),  298,  544,  546. 

Bibeiria,  397, 549. 

Bibeiio,  M.  Carlos,  460. 


Bichardson,  Sir  J.,  457. 

Bichardson,  Mr.  James,  524, 460. 

Bichter,  M.,  340;  memoir  by,  357,  403L 

Bidgeway  (Eastnor),  129. 

Bieeen^birge,  Permian  rocks  of,  391, 392. 

Bingengge  (Norway),  section,  367. 

Bipon,  Permian,  3w. 

Bittberg,  392. 

Bitton  Casths  Uandeilo  fossils,  49. 

Boberte,  Mr.  G.  £.,  267. 

Bobertson,  Mr.  A.,  558,  578. 

Bocks,  early  igneous,  2;  genersl  order  of, 
21 ;  gold  in,  474. 

Bock-salt,  Permian,  321. 

Bocky  Mountains,  465, 468 ;  Silurian  rooka 
of,  18 ;  Permian  oi,  470 ;  auriferous,  498. 

Boemer,  M.  Adolf,  413,  414,  421. 

Boemer,  Prof.  Ferd.,  344,  417,  455. 

Boessler,  M.,  336. 

Bogers,  Pro&.  H.  and  W.,  314,  430,  464, 
&6,  467,  562. 

Bonneburg  (Qermany),  407. 

Boquela,  Tnas  of,  449. 

Boee,  M.  Qustay,  391,  566. 

Boss-shire,  west  coast  of,  Cambrian  and 
Lower  Silurian  of;  199 ;  OldBed  Sand- 
stone of  east  coast  of;  15, 277,  55&;  cry- 
stalline Bagstones,  555. 

Botheberg,  greenstone  of,  337. 

Both-tod1^1iegende,326,339, 340, 322, 332, 
etpoMem. 

Bouault,  M.  Ifarie,  435,  508,  564. 

Boundstone  Bay  (seddon),  190. 

Bowlestone,  Euiypteras  round  at^  274. 

Bowley  Bi^  (Ddbey),  129. 

Boyal  Institution,  papers  read  at,  33^  &c. 

Buokingen,  Permian,  336. 

Bussia,  unaltered  Lower  Silurian,  17, 373 ; 
Upper  Silurian,  378;  Deyonian,  380; 
carboniferous  rocks,  Penman  of;  328 
et  aeq. ;  eold  of,  479. 

*  Bussia  ao2L  the  Ural  Mountains,*  by  Mur- 
duson,  de  Yemeuil,  and  yon  Keywrling, 
JkdicaiionBnd  Preface^  17  etpaseim. 

Buthyen,  Mr.  John,  162. 

Saalfeld,  340,  402,  &c. 

Saarbrook,  reptile  of,  323. 

Sabero  (Leon),  Deyonian,  447;  ooal-Md, 
447. 

Sabl6  (section),  436. 

Sadise,  M.,  345. 

Sachsenhansen,  Permian,  335. 

Sachswerfen  (Han),  section,  337. 

Ssgenocrinus,  536. 

Salter,  Mr.  J.  W.,  Ft^ace,  41,  47,  79,  74, 
147,  238,  268,  299,  510,  521,  531 ;  table 
of  fossils  by  Salter  and  Morris,  238, 532. 

Salsburg,  390. 

Salzungen,  salt-works  at,  339. 

Sanches,  M.  Eusebio,  445. 

Sandberger,  MM.,  brothers,  301,  397. 417, 
419,^1. 

San  Jium  de  las  Abadesas,  446. 

Santander,  Carboniferous  rocks,  448. 

Sardnula  (woodcut),  203,  534. 
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Sardinia,  Silurian  rodcs,  45. 

Saugh  Hill  (Girvan),  fofldls  of,  172. 

SaurianB,  Pefnnian,  361. 

Sauroid  footsteps,  323. 

Savi  and  Meneghini,  ProfiB.,  452. 

Sawdde  Birer,  tilestones,  &o.,  151. 

Saxony,  Permian  of,  331,  345 ;  Devonian, 
407;  umeous  rooks,  566;  PaleoiEoic  rocks, 
402. 

Scandinavia,  primarr  rocks  of,  19;  Olenus 
schists  of,  47;  SiluriaD  rooks  of,  364; 
base  of  SUariaa  system  in,  507. 

Scania  (Sweden),  Silurian  rooks  of,  371. 

Scarabin  Hills,  279,  554. 

Scar  limestone,  311. 

Schaalstein,  422. 

Schauroih,  Baron,  342. 

Schizodus,  Permian,  359. 

Sohleiti  (Germany),  405,  409. 

Schmerbach,  Permian,  335,  336. 

Schmidt,  M.,  of  Dorpat,  377, 507, 510, 565. 

Schnee  Kopf,  pcnrphyry  of,  333. 

Schoharie  grit,  47^. 

Schrenk,  M.,  378. 

Schubert,  M.,  340. 

Schulti,  M.,  443  ^  M^. 

Schunck,  Dr.,  565. 

ScoUtes,  221. 

Scotland,  eraptolitee,  65;  crustaceans, 
tracks  of;  168;  altered  Silurian,  179; 
Silurian  rocks  of;  164^-182;  N.  High- 
lands,  Lower  Silurian  of,  195 ;  Old  Bed, 
270;  Carboniferous  rocks  of,  312;  sold 
of,  478;  geology  of  the  north  of,  553. 

Seager  HiU  ^Herefordshire),  122. 

SedgeIey(StaffordBhireX  Aymestry  rock,144. 

Sedgwick,  Prof.,  works  published  by.  Pre- 
face, 18,  29,  33,  93,  §4^  161,  164, 180, 
201,  278,  287,  311,  327,  342,  504;  and 
Murchison,  292, 337, 346, 347, 402, 409, 
417,  429,  553,  657,  eevamim. 

Seebach,  conglomerates*  335;  Permian,  335. 

Seefeld,283. 

Selkirk,  Silurian,  165. 

Selkirk,  Earl  of,  175. 

Selters,  Permian  fossils  of,  336. 

Selwyn,  Mr.,  16»  30,  492,  497,  567;  and 
Prof.  Bamsay,  work  in  N.  Wales,  91. 

Senft,  Prof.,  on  rooks  near  Eisenach,  333, 
336. 

Sergiefisk,  Permian  of,  330. 

Serpuchof  (Bussia),  385. 

SerpuUtes  (woodcut),  222,  537. 

Serra  de  Mucella,  450. 

Serra  de  Buaaoo,  450. 

Sertularia,  Oldhamia  allied  to,  28. 

Seville  coal-fields,  448. 

Sharpe,  Mr.  D.,  15, 33, 163*  201,  296,  449, 
450,451. 

Shelve,  western  tract  of,  50 ;  lead  ores  of,  83. 

Shelve  and  Comdm  district  (Salop),  24. 

Sherbum,  Permian,  348. 

Sholeshook  (Pembroke^  81. 

Shrewsbury,  coal  fossils,  ^21 ;  and  Here- 
ford railway,  73. 


Shropdure,  early  Silurian  daasifioation  in, 
9 ;  Silurian  compared  with  Bussian  equi- 
valents, 17 ;  SUurian  rooks  little  altered, 
18 ;  Cumbrian  rocks  of,  22 ;  Stiper  Stones 
of,  39 ;  Llandeilo  formation  of,  48-52 ; 
Caradoc  of,  67-74;  Upper  Uandovery 
rooks  of,  98 ;  Upper  Silurian,  117 ;  Old 
Bed,  271 ;  Permian,  351. 

ShucknaU  Hill,  152. 

Shumard,  Dr.,  462 ;  and  Mr.  Yandell,  246. 

Siberia,  Silurian  of,  15;  gold  of;  in  Silurian 
rocks,  482,  500;  Silurian  of  Ural  dissi- 
milar to  those  of  European  Bussia.  512. 

Sibyl  Head,  sketch  of;  by  Du  Noyer, 
187. 

Siccar  Point,  556. 

Sichon,  Carboniferous  rocks  of,  307. 

Sidlaw  Hill  (section),  276. 

Sierra  Cantabrioa,  Devoniaii,  447. 

Sierra  Morena,  443. 

Sierra  Nevada,  445. 

Sierras  of  Gata  and  Franda,  445. 

Sill«  le  Guillaome  (section),  436. 

Siluies,  the,  6. 

Siloria,  original  researches  in,  5 ;  Silurian 
rocks  of  Britain,  17-269 ;  of  Scandi- 
navia,  364-372;  of  Bussia,  373^380;  of 
Bohemia,  393-401 ;  of  Saxony,  of  Thu- 
rinda,  402-105 ;  of  the  Han,  413-415 ; 
of  France,  434;  of  Spain,  444;  of  Por- 
tugal, 449 ;  of  Sardmia,  451 ;  of  Ame- 
rica, 454  et  uq, 

Silurian  seas  and  shores,  519-521. 

Siphonotrete  (woodcut),  260,  543. 

Skatechkof;  M.  C,  15. 

Sketches.     See  List  of  Hlustrations,  xv. 

Skiddaw  schists,  161. 

Skomer  Isles,  trap  of,  159. 

Skrey  (Bohemia),  393. 

Slates  of  Wales,  91 ;  Ireleth,  163;  north  of 
Scotland,  555;  Silurian,  deficiency  of 
phosphates  in,  570. 

Slaty  cleavage  and  bedding  (diagram),  32, 
34 ;  Piof.  Sedgwick  on,  32. 

Slave  Biver,  468. 

Slieve  Bloom  Mountains,  184. 

Slimon,  Mr.  Bobert,  176,  313. 

Smerwick  Harbour,  186. 

Smith,  Wm.,  maps  by,  34,  349. 

Smith,  Mr.  T.  Assheton,  29. 

Smjrth,  Mr.  Warington,  78,  390, 477. 

Smulbatch  mine  (Stiper  Stones),  49. 

Snead,  Lower  Silurian  of,  38. 

Snowdon,  8,  28,  29,  36 ;  Caradoc  fossils 
at,  74 ;  (section),  92 ;  igneous  rocks  of, 
566. 

Soimanofsk  mines,  483. 

Sok  Biver,  330. 

Solen,  Permian,  342. 

Solway  Frith,  168. 

Sorby,  on  slaty  cleavage,  33;  on  coal 
dnfb,569. 

Soudle^  71. 

South  JBritain,  intrusion  of  igneous  rocks, 
19. 
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South -Wales,  Gambruin  To6k»  and  lin- 

guU  flags,  48 ;  LLandeilo  rocks,  54,  63  ; 

eoal-Mds,  315. 
Sowerbv,  Mr.  James,  148,  201 ;  and  Mr. 

Salter,  147. 
Spain,  rocks  of,  15 ;  Silurian  rocks,  443  ; 

Devonian  of,  446. 
Spaniards  and  gold  mines,  488. 
Spey  Biyer,  559. 

Sphnrexochus  (woodcut),  261,  540. 
Sphmonites,  298, 536. 
Sphatfodus,  268,  552. 
Spirifer,  250,  545. 

Spirifer  Sandstein  (Rhenish  Prussia),  419. 
Spirorbis  in  coal,  322. 
Spitsbergen,  Permian,  342,  389. 
'^ ^um,532. 


St.  Abb's  Head  (sketch  of  X  166,  556. 

St  Bride's  Baj  (Pembroke),  159. 

St  David's,  Cfambrian  near,  30 ;  lingula 

flags  of,  48 ;  Uandeilo  rocks,  54. 
St  Lawrence,  general  section,  467. 
St  Lfonhard  (France),  lingula  rocks  of, 

506. 
St  Omer  coal-field,  440. 
St  Petersburg,  Silurian  rooks  of,  373. 
Staokpole  Bock  (woodcut),  309. 
StaiFordshire,  Permian,  351. 
Stagonolepis  Bobertsoni,  558 ;  reptile  of 

uppermost  Old  Bed,  571. 
Stanner  Bocks,  102;  (sketch  of),  119. 
Stansbury,  Captain,  465,  470. 
Starfishes,  Ludlow  rock  (woodcut),  14; 

Lower  Silurian  (woodcut),  208 ;  Upper 

Silurian  (woodcut),  249;  (J3oheinia),«)0. 
Staurooephaius,  548. 
Steinach  Kiver  (Germanj),  410. 
Steinheide  (Qermany),  «)3. 
Stenopora  (woodcut),  132,  534. 
Stephen's  Oreen  Museum  (Dublin),  185. 
Stembergia,  Permian,  354. 
Stevenson,  Mr.,  165. 
Stigmaria,  315. 

Stinchar  Biver  (Ayrshire),  171. 
Stiper  Stones,  fint  dassiflcation  of,  8; 

equivalent  of  Linfula  flags,  31 ;  view  of, 

38 ;  thickness,  l$l;  IlandeUo  beds  on 

west  flank  of,  49 ;  equivalents  in  Sweden 

and  Norway,  369. 
Stoke  Edith  Park,  122. 
Stolberg,  Permian,  337. 
Stone-oil,  283. 
Strachey,  Oapt  B.,  15. 
Strangways,  Hon.  W.  Fox,  365. 
Strath  Glass,  199. 
Strath  Oikel,  554. 
Strcphodes  (woodcut),  243,  554. 
Stretton,  Valley  of,  23. 
Strickland,  Mr.  Hugh,  46,  104,  152,  153, 

267,  273. 
Stringoeephalus,  297. 
Stromatopora  limestone  (woodcut),  240, 

472,^. 
Strophalosia  (Devonian),  300;  Permian, 


Starophomena,  Lower  Silurian,  210 ;  (Uan- 

dovery),  231 ;  Upper  Silurian,  252,  545. 
Straelecki,  Count  (Australia),  16,  489. 
Stumps  Wood  (MalvamX  108. 
Stutchbury,  Mr.,  490. 
Stysina,  540. 
Stylonurus,  560. 
Styrian  Aljps,  390. 
Sudeten  Mountains,  392. 
Sulvein  Mountain,  198. 
Sunderland,  Permian,  348. 
Superior,  Lake,  456. 
Sutherland,  Duchess-Countess  of,  198. 
Sutherland,  gneiss  and  older  rodcs  of,  12, 

199;  Lower  Silurian  shells  of,  217; 

Old  Bed  Sandstone  ofl  277;  geognosy 

of,  554. 
Swallow,  Prof.,  470. 
Sweden,  SUurian  rods  of,  365  ;*  grapto* 

Utes,  65 ;  corals  of,  244. 
Sydney,  sold  of,  500. 
Syenite  (Mardey),  103,  566. 
Symonds  Castle^alop),  84. 
Symonds,  Bev.  W.  a,  Pnface,  103,  106, 

252,  27i  667. 
Syringopora  (woodcut),  133,  534. 

*  Systdme  Silurien  de  la  Boheme,'  394. 
'  Systdme  Ardoisier,'  423. 

'  Systdmes  Coblentsien  and  Ahrien,'  423. 
Syzran  (Bussia),  Carboniferous  rocks  of, 

385. 
Table  of  succession  of  American  rooks, 

472, 473 ;  of  European  Upper  Paleoioic 

rocks,  4^,  &c. 
Tan-y-bwlch,  volcanic  grits,  90. 
Taradale,  Boss-shire,  279. 
Tarannon  shales  (section),  113. 
Turtanr,  Chinese,  388. 
Tate,  Mr.  G.,  428. 
Ttonton,296. 
Ttonus  Hills  (Bhine),  416. 
Tavern  Spite  (Pembroke),  152. 
Taxoorinus,  536. 

Tchihatcheff,  M.  Pierre  de,  15,  364,  387. 
Tohussovaya  Biver,  view  of,  386. 
Tees  Biver,  348. 

Telerpeton  Elgiaense,  289,  504,  557. 
Teme  Biver,  strata  on,  155. 
Tennant,  Mr.,  262. 
Tennessee,  Paleoioic  of;  456. 
Tenteoulites,  221,  259,  537. 
Terebratuln,  Silurian,  now  called  Bhyn- 

chonellft,  212;  (Permian),  357,  545. 
Terrain  Ardennais,  423. 
Tertiary  rocks,  517. 

*  Testimony  of  the  Bocks,' 290. 
Tetragonis,  536. 
Telraraerocrinus,  536. 
Teviotdale,  167. 

Texas,  Silurian  of,  455 ;  Permian  of,  353. 
Tharande,  Permian  of,  345. 
Theca  (woodcut),  218,  257,  55a 
Theda  (woodcut),  242, 534. 
Thelodus  (Agassis),  268. 
Theobald,  Mr.,  15. 
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Thomson,  Prof.  WyviUe,  173. 

Thornielde  slates,  167, 169. 

Thraoe,  rocks  of,  990. 

Thuringerwald,  the,*332,  402;  gold  of, 
479. 

T^uringiA,  Paleozoic  rocks,  402. 

ThursQ,  Old  Bed  plants,  290. 

Tilestones,  149,  270;  (Lake  district),  164 ; 
and  their  relations,  157 ;  (Ireland),  301; 
Mr.  Pase  on,  560. 

Timan  HDls,  379. 

Tin,  Australian,  492 ;  Cornwall  and  Aus- 
tralia, 478,  498. 

Tin-y-ooed,  search  for  ooal,  90. 

Tiresias,  540. 

Titterstone  Clee  Hill,  136, 310,  311. 

Toledo  Mountains,  444. 

Tongue  (Sutherland),  555. 

Torquay  (Deyon),  limestone  of,  296;  equi- 
Talent  Devonian  of,  Belgium,  &c.,  4Z3. 

Tortworth  fossils,  233 ;  district^  110. 

Toumoy,  rocks  of,  426. 

Towy  Biver,  Llandeilo  beds  on,  57 ;  (sec- 
tion), 79 ;  Vale  of  (section),  57. 

Trachyderma,  188,  537. 

Trabeme,  Mrs.,  sketch  by,  60. 

Traill,  Mr.,  283,  560. 

Trails  of  animals,  521. 

Tralee  (Ireland),  185. 

TransylTania,  rocks  of,  390. 

Trap  rocks,  Silurian,  38 ;  (sketch),  86,  88- 
^;  Carboniferous,  311. 

Traut-Iiebersdorf,  344. 

*  Travels  in  America'  (LyellV  457,  &c. 

Tremadoc  slates,  52;  Camraian  of,  30; 
fossils  of,  43 ;  new  fossils  of,  571. 

TrematiB,  546. 

Trentonlimestone,  438,  458,459,  473.    . 

Tretooeras,  220,  552. 

Treveme  Hills,  150;  section,  272. 

Trias,  rocks  of,  326 ;  in  Germany,  333  ; 
section  of,  and  Permian,  346 ;  (Spun), 
449;  change  in  organic  life  of,  513. 

Trichoides,  532. 

Triger,  M.,  435,  564. 

Trifobites  in  lingula  flags  (woodcuts),  45, 
46,  47;  Stiper  Stones,  50;  Llandeilo 
rocks,  53,  55 ;  Caradoc,  75 ;  Woolhope, 
123;  Lower  Silurian  QMand),  184; 
Lower  Silurian,  223-225;  liandoyery, 
235;  Upper  SUurian,  260;  cast  of,  318; 
Bussia,  376;  Bohemia,  394;  Saxony, 
404 ;  Harz,  415 ;  France,  437 ;  Spain, 
444 ;  America,  459  ei  seq. 

Trimpley,  Old  Bed,  274. 

Trinucleus  (woodcuts),  50, 53, 55, 75, 223, 
224,540. 

Trochocrinus,  536. 

Trochonema,  549. 

Trochus,  Llandoveiy,  233;  Upper  Silu- 
rian, 256,  549,  550. 

Troed-y-Bhiw,  81. 

Tufnell,  Bight  Hon.  H.,  283. 

TuUyoonnel,  Permian,  353. 

Turbo,  216,  256,  550. 


Turner,  Dr.,  477. 

Tweed,  169. 

Tyndall,  Prof.,  on  slaty  cleavage,  33. 

1^-y-ooed,  62. 

^rrone,  Lower  Silurian,  183 ;  Permian,353. 

l^gool.  Mayo,  Llandovery  beds,  192. 

Ulmannia,  Permian,  341. 

Underbarrow,  164. 

Unger,  Prof.,  291,  317, 408. 

Un^(»  grit,  374,  562. 

Umo  of  the  Carboniferous  rocks,  320. 

United  States,  older  rocks  of,  18,  26. 

Univalve  shells.  Lower  Silurian,  215; 
Upper  Silurian,  256. 

Ural  Mountaina,  primeval  strata  of,  17 ; 
S.  Ural  (woodcut),  329, 386, 479  (wood- 
cuts), 480  et  seq, 

Usk,  Lower  Ludlow,  140;  Aymestry  rock, 
144,  151. 

Utah,  Salt  Lake  of,  465. 

Utica  slates,  459,  473. 

Valdai  HiUs,  section,  58* ;  (Bussia),  380. 

Valenciennes,  440. 

Valentia  Island,  185. 

Vallongo  (Portugal),  Silurian  of,  449. 

Vasaefeky,M.,lS. 

Vaux  d'Aubin  (Normandy),  565. 

Veochi,  M.,  452. 

Vemeuil,  M.  de,  IkdicaHon^  Preface,  14, 
326,  341,  366,  434-^7,  457,  459, 462, 
564;  and  von  Keyserling,  14;  and 
d'Archiac,  418 ;  and  de  Lori^re,  435. 

Vemeuilii-Schiefer,  422. 

Vertebrata,  Upper  Paleozoic  rocks,  table, 
432 ;  none  m  Silurian  rocks  of  Prance, 
564. 

Vertidllopora,  532. 

Viatka,  Permian  of,  328. 

Vichy,  rooks  of,  307,  441. 

Victoria(Austam]ia),  16;  gold  drifts,  492- 

Virginia,  Paleoeoic,  457. 

Viigularia  allied  to  Ghraptolites,  64. 

Vis6,  rocks  of,  427. 

Vohne  Biver,  Devonian,  420. 

Vcngtland  (Germany),  407. 

Volborth,  M.,  206. 

Volcanic  grits  in  Lower  Silurian  rocks,  84, 
93. 

Volcano,  submarine  (woodcut),  85. 

Volga  Biver,  329 ;  section  on,  330,  385. 

Vologda,  Permian  of^  328. 

Vosees  Mountains,  Permian  of,  442. 

Waiwara  (Gulf  of  Bothnia),  375. 

Walchia,  a  Permian  plant,  355. 

Waldenburg  (Silesia),  Devonian  and  Car- 
boniferous rocks  of,  392. 

Wales,  lowest  rocks  of,  21 ;  metamorphic 
rocks  of,  35 ;  Silurian  rooks  of,  37-98, 
passim, 

Wales,  New  South,  490. 

*  Walker's  earth,'  producing]andslip8,143. 

Walsall,  Woolhope,  and  Wenlock  lime- 
stones (May  HDl  beds),  110,  124, 125. 

Wangenheim  von  Qualen,  Mi^or,  361. 
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Wanaw,  rocks  near,  391. 

Wartburg  (section),  334. 

Water  break  its  neiok,  Ladlow  rock,  137. 

Waterford,  Lower  Silurian,  183. 

Wathen,  Mr.,  memoir  by,  496. 

Watt,  Mr.  Gregory,  129. 

Weaver,!.,  on  geology  of  Ireland,  185,478. 

Webeter,  Mr.  Tliomas,  22. 

WeUbuig  (Nassau),  422. 

Weingarten  (section),  429. 

Weiss-Hegende  (section),  332,  340. 

Wellfield  (Builtti),  section  near,  62. 

Welsh  Pool,  88;  prismatic  dyke  at,  89. 

WenlodE  Edge,  views  of,  127 ;  lower  lime- 
stone shale,  125;  fossils  of,  132,  133, 
2S8,ei8eq, 

Wenlock  limestone,  128 ;  corals  of,  132, 
133;  (woodcuts),  240,  243. 

Wenman,  Rev.  W.,  274. 

Werfen  (Alps),  S.  of,  Silurian,  390. 

Werner,  331. 

Westgarth,  Mr.,on  yictoria(  Australia),496. 

Westminster,  late  Dean  of,  318. 

Westmoreland,  Silurian  rocks,  164. 

Westphalia,  Devonian  rocks  in,  422. 

Wetterau,  Permian,  335. 

Wexford,  Lower  Silurian  of,  183,  185. 

Whewell,  Rev.  W.,  sketch  by,  131. 

White-leaved  Oak  (Malvern),  105. 

Whiteness  (woodcut),  276. 

Whitesand  Bay  (St.  David's),  48. 

White  Sea(Buasia),  Devonian  strataof,  383. 

Whitewav  Head,  Ludlow,  section  acrossi 
137 ;  sketch  of  escarpment)  142. 

Whittery  ^mamee,  84. 

Wicklow,  EaA  of,  his  nuggets  of  Irish 

_gold,  478. 

Wioklow,  Dower  Silurian,  183;  Moun- 
tains, 183;  gold  in  Lower  Siltuian 
schists,  478. 

Wigmore,  valley  of  (section),  128. 

Wigton,  Silurian  of,  171. 

Williams,  Bev.  Stewart^  195. 

Wilson,  Mr.  J.  S.,  Califomian  gold  rocks, 
492. 

Windermere,  Upper  Silurian,  163. 

Winnip^,  fossils  of,  466;  Lake,  456.  ' 

Wisconsin,  Paleoioio,  456. 

Wissenbadi,  slates  of,  419,  433. 

Wistanstow  (Salop),  98,  99. 

Witham,  Mr.  H.,  on  fossil  vegetables,  316. 

Woodcuts.     See  List  of  Illurtrations,  xv. 

Woodward,  Mr.  S.  P.,  216;  'Manual  of 
MoUusoa,'  376. 


Woodwardian  Museum  (Cambridge),  211, 
229. 

Woolhope  limestone,  117;  poeilion'Off 
(woodcuQ,  121 ;  linaestone  altered  (sso- 
tion),  118 ;  section  across  the  valley  of, 
and  descriptions,  121,  125;  fossils,  in 
limestone  of,  1>22, 123 ;  in  Badnorshire, 
120;  Malvern  and  May  Hill,  123; 
Lower  licke^  ffill  (Worcester),  12L 

Woolston  (section),  99. 

Worcester  Beacon  (Malvern),  view,  102 ; 
igneous  rocks  (section),  105. 

Worsel  Wood  (sketch),  119. 

Wrae  HiU  (Scotland},  fossils  of,  169 ;  par- 
allel of  Llandeilo  limestone,  171. 
.  Wrekin,  the,  diagrammatic  view  ot  70. 

Wren's  Nest  (Dudley),  south  end  view  and 
section,  130,  131. 

Wych  (Malvern),  106. 

Wye  Biver  (Prtface),  near  Builtii,  61 ; 
Upper  Ludlow  rodn,  150;  Old  Bed 
conglomerate,  272. 

Wyman,  Mr.,  323. 

Wynn,  Sir  Watkin  W.,  his  monument  (in 
section),  113. 

Xenaoanthus,  Permian,  343,  344. 

Xiphosura,  crustacean  allied  to  Pterygo- 
tus,264. 

Yandell  and  Shumard,  Messrs.,  246. 

Yaroslavl,  Permian  of,  328. 

Yat  Hill  (Badnor),  altered  rock  of  (in 
section),  119. 

Yoredale  series,  311,  465. 

Yorkshire,  coal-fields,  307-8 ;  development 
of  carboniferous  limestone,  31 1 ;  Perm- 
ian rocks,  348. 

Y-Wem  (Tremadoc),  fossils  d,  47. 

Zambesi,  coal  of  the,  15. 

Zaphrentis,  534. 

Zarevo-Alezandioftk  (gold  diggings,  Ural), 
485. 

Zeohstein,  in  Germany,  331-346 ;  in  Bns- 
sia,  327-331 ;  in  Britain,  347,  351. 

Zoantharia,  corals,  240. 

Zone,  lowest  Silurian  deposit  in  Britain, 
26;  Zone  Primordiale  of  Banande 
(Bohemia),  equivalent  of  Lingula  flags, 
394 ;  in  Sweden,  368,  369;  in  France, 
564 ;  in  America,  458. 

Zoophyta,  532. 

Zoophytes,  Lower  Silurian  (woodcuts), 
203,204;  UpperSilurian, 241, 242,243. 

Zwickau,  Permian  plants  of,  331. 

Zwinger  Museum  (Dresden),  345. 


THE  END. 
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FIGURES 


THE    PRINCIPAL    SILURIAN    FOSSILS, 


BSPRODUCED  FROM  THE  ORIGINAL 


'SILURIAN    SYSTEM,' 


AND  ARRANGEI)  ACCORDIirO  TO  THEIR  PLACES  US  THE  GEOLOGIC  ^ERIES. 


THE  riGHJBES  OF  THE  SILUBIAN  ZOOPHYTES 

ALSO  ARE  HERE  BEFRODUCED,  WHICH  WERE  OMITTED  IN  THE  FIRST 
EDITION  OF  *  BILTJRIA.* 
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PLATE  I. 


(The  figures  in  fhe  Flatea  I.  to  XXXVII.  wre  all  trunferred  from  the  original  engravings  in  the 
'  Silurian  System.*  In  every  case  where  the  old  names  have  been  changed,  in  accordance  with  more 
recent  nomenclature,  the  name  used  in  the  original  work  is  inserted  in  brackets,  for  the  purpose  of 
reference.3 


LOWER  SILURIAN  (LLANDEILO  AND  CARADOC)  GRAPTOUTES, 
ANNEUDES,  AND  TRILOBITES. 

Kg.  1.    DIDYMOGRAPSUS    (Geaptolithus)    MURCHISONH,    Boeck.       Llsn- 
drindod  Hills,  Badnonhire.    Uandeilo  flags. 

2.  DIPLOGRAPSUS  (Gbapt.)  FOLIACEUS,  March.      Meadow-Town,  near 

ShelTe,  Shropshire.    Uandeilo  flags.    Aooompanied  by  a  smaU  Orbicula. 

3.  TENTACUIJTEa- ANGLICUS,   Salter,    (akkulatus.)    Exterior  and  in- 

ternal casts:   a,  portion  magnified.    Acton  Scott,  Shropshire.    Caradoc 
sandstone. 

4.  ASAFHUS  TTBANNUS,  Murch.     Tail  of  a  young  specimen.     Uandeilo. 

Llandeilo  flags. 

5.    .    A  yery  large  specimen.    From  tlie  same  locality.    The  original  of 

this  figure  is  in  the  British  Museum.    It  is  a  mould,  in  sandstone,  of  the 
exterior  ornamented  surface. 
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PLATE  II. 

LOWER  SILURIAN  (LLANDEILO  AND  CARADOC)  TRILOBITES. 

Fig.  1.    ASAPHUS  TTBANNUS,  Murch.     Tail,  and  two  thorax-segments,  of  a 
modente-siied  individual.    LLandeilo  flags,  liandeilo,  Caermarthenshiie. 

2.    ASAPHUS    POWISII,    Muroh.     Body  and  tail  of  a  full-sized  specimen. 
TriloUte  Dingle,  WelshpooL    Garadoo  sandstone. 

3,  4.    HOMALONOTUS  (Asaphus)  VULCANI,  Murdu    Comden  Hill,  Shrop- 
shire.   Llandeilo  flags. 
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PLATE  III. 

LOWER  SELUMAN  (LLANDEILO  AND  CARADOC)  TRILOBITES. 

Fig.  1.    OGYGIA  (A8APHU8)  BUCHII,  Brong.   Builth,  Badnonhire.   Llandeilo  flags. 
2.    ..    Labnun,  or  upper  lip,  fixed  to  the  under  ride  of  the  head.     Llan- 


deilo flags. 

3.    .    A  very  young   specimen.    Boilth.     (Trinuclbub  Abaphoidbs.) 

Llandeilo  flags. 

4.  OOTGIA  (Asaphus)  COBNDENSIS,  Murch.    From  near  the  west  flank  of 

the  Comden  HiU,  Shropshire.    Llandeilo  flags. 

5.  CHEIBURTJS   (Pahadoxides)  BIMUCBONATUS,   Murch.     (Tail  only.) 

Common  in  the  Caradoc  or  Bala  limestone. 

6.  CALYMENE  (Abaphvb)  DITPLICATA  Murch.    Wilmington,  Salop.    Llan- 

deilo flags. 

7.  AGNOSTUS  MACCOYII,  Salter,  (pibipobmis.)  Builth,  Badnorshire.    Llan- 

deilo  flags. 

8.     .    The  head  magnified. 
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PLATE  IV. 

LOWER  SILURL\N  (LLANDEILO  AND  CARADOC)  TRIL0BITE3. 

Fig.      1.    STYGINA  (Ogygia)  MURCHISONI^,  Murch.    Mount  Pleasant,  Gaer> 
marthen.    Llandedlo  flags. 

2,4,6.    TRINUCLEUS    C0NCENTRICU8,    Eaton.    (Caractaci.)    Welshpool. 
Garadoc  sandstone. 


3.    .    Portion  of  fringe,  highly  magnified. 

6.    TRIN.   LLOYDII,  March.     Uangadock,  Caermarthenahire.    liandeilo 


7.  TRIN.  FIMBRIATUS,  Murch.    Builth.    LlandeUo  flags. 

8.  TRIK.  RADIATUS,  Muroh.    Welshpool.    Garadoo  sandstone. 

9;  10.    AMPYX  (Trikuclkus)  NUDUS,  Murdi.    Builth,  Radnorshire.     LUn- 
deilo  flags. 

11,12.    PHACOPS  CONOPHTHALMUS,  Back.     Head.     (Asaphus  Powisii.) 
Horderlej  and  Acton  Soott,  Shropshire.    Caradoc  sandstone. 

13,  14.    ILLiENirS  PEROYALIS,  Murch.    N.E.  end  of  Comden  Hill,  Shiop- 
shire,  in  Lower  Liandeilo  flags. 
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PLATE  V. 

LOWER  SILURIAN  (LLANDEILO  AND  CARADOC)  SHELLS 
(BRACHIOPODA). 

Fig.  1,2.    OBTHIS  TESTUDINABIA,  Dalman.     Horderley;    Mdfod.     Caradoc 
sandstone. 

3,  4.    O.  (TuxBEATULA)  UNGUIS,  Sow.     Horderley  and  Cheney  Longrille, 
Shropshire.    Caradoc  sandstone. 

5.  O.  ELEGANTULA,  Dalman.    Meifod;  Bala.    Caradoc  sandstone. 

6.  O.  (SpiBirsR)  ALATA,  Sow.    Mount  Pleasant,  Caermarthen.    Uandeilo 

flags. 

7,  8,  9.    O.  CALLIGBAMMA,  Dalman.     (7.  Spirifsr  plicatus.    8.  Obthib  cal- 
LACTiB.    9.  O.  viROATA.)    Horderley ;  Bala.    Caradoc  sandstone. 

10.  O.  BADIANS,  Sow.    Near  Builth.    Caradoc  sandstone. 

11.  O.  ACTONI^,  Sow.    Acton  Scott,  Shropshire ;  Bala.    Caradoc  sandstone. 

12.  O.  FLABELLULUM,  Sow.    Hopesay,  Shropshire;  Bala.    Caradoc  sand- 

stone. 

13.  O.  TBIANGULABIS,  Sow.    Chirbury.     Caradoc  sandstone. 

14.  LEFT.SNA  SEBICEA,  Sow.    Bala;  Whittingslow  and  Horderley,  Shrop. 

shire ;  Meifod ;  Caradoc,  Llandeilo,  &c.,  in  liandeilo  flags. 

15.  STBOPHOMENA  (Leptjsna)  TENUISTBIATA,  Sow.    Gaerfawr,  Guils- 

field,  Welshpool.    Caradoc  sandstone. 

16.  LINGULA  ATTENUATA,  Sow.     Uandeilo  and  Shelye.    Llandeilo  flags. 

17.  DISCINA  PUNCTATA,  Sow.  (Oebicula).    Cheney  Longville,  Shropshire. 

Caradoc  sandstone. 
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PLATE  VI. 

LOWER  SILURLIN  (LLANDEILO  AND  CARADOC)  SHELLS 
(BRACmOPODA). 

Fig.  1,  2,  3.    OBTHIS  VESPSBTIUO,  Sow.    Shropshire;  Bala.    (Indudiog  O.  bi- 
LOBATA.)    Candoc  sandatone. 

4.  STBOPHOICENA  EXPANSA,  Sow.  (Oethis  expansa  and  O.  Pscrsir.) 

Mdfod.    Oaradoo  aandstone. 

5.  OBTHIS  ALTEBNATA,  Sow.    Cheney  Longville,  Shropahiie;  Bala. 

Oaradoo  sandstone. 

6,  7.    STBOPHOMENA  (Okthis)  GBANDIS.    Soudley  and  Acton  Soott, 
Shropshire;  Bala.    Caradoc sandstone.    Coniston. 
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PLATE  VII. 

LOWER  SILURIAN  (LLANDEILO  AND  CARADOC)  SHELLS 
(LAMELUBRANCHIATA,  GASTEROPODA,  ETC.). 

Fig.  1.    MODIOLOPSIS  vel  MODIOLA  (Avicula)  ORBICULABIS,  Sow.    Hor- 
derlej,  Shropshire.    Caradoc  sandstone. 

2.  MODIOLOPSIS?  (Avicula)  OBLIQUA,  Sow.    Soudley,  Shropshire.    Cara- 

doc sandstone. 

3.  NUCULA  LiEYIS,  Sow.    Pensam,  near  Caermarthen.    Llandeilo  flags. 

4.  HOLOPEA    (LnPTOBiNA)    STRIATELLA,    Sow.       Horderley.       Caradoc 

sandstone. 

5.  BUOMPHALUS  CORNDENSIS,  Sow.    Leigh  HaU,  Comden.    (5 «,  mag- 

nified.)   Llandeilo  flags. 

6.  BELLEROPHON  (Ecomphalus   tbhuisteiatus)    PERTURBATUS,    Sow. 

Comden.    Llandeilo  flags. 

7.  B.  (EuoMPHALus)  PERTURBATUS,  Sow.    Pensam,  Caermarlhen.    Llan- 

deilo flags. 

8.  B.  ACUTUS,  Sow.    Horderley.    Caradoc  sandstone. 

9.  B.  BILOBATUS,  Sow.     Horderley,  in  Caradoc  sandstone ;  also  Llandeilo 

flags,  N.  Wales. 
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PLATE  VIII. 

LLANDOVERY  ROCKS— SHELLS  (PENTAMERUS). 

Fig.  1,  2,  3.    PENTAMEBUS  OBLONGUS,  Sow.    Shropshire;  LUmdoToy,  ete.,  in 
S.  Wales.    Upper  LUmdoyery  roda. 


4.    .    Broader  yariety  (P.  ljiyis,  Sow.).    The  Hollies,  Shropshire. 

Upper  LUndovery  roda. 

5,  6,  7.    P.  (Atrtpa)  UNDATUS,  Sow.   Llandoyery  and  Pembrokeshire.    Upper 
and  Lower  Llandoyery. 

8.    P.  (Atatpa)  GLOBOSUS,  Sow.    Gorllwyn  fach,  IJandoyery.    Lower 
LUmdoyery  rocks. 

9,  10.    P.  (Atbypa)  lens,  Sow.    Norbuiy,  May  HiU,  and  a  Wales.    Upper 
and  Lower  LUmdoyery. 

11.    Hinge-portion  of  the  slune  (P.  microcamerub,  M*Coy.)    Lickey,  Stafford- 
shire. 
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PLATE  IX. 

LLANDOVERY  ROCKS— SHELLS. 

Fig.    1.    ATRYPA  RETICULARIS,  Linn.  (Amiris.)    May  HiU,  S.  Walea,  Ac. 
2.    A  MAROINAUS,  Dalm.    S.  Wales.    Lower  Llandovery, 
a    A  HEinSPILSJRIC A  Sow.    MayHiU;  Abberley,&c. 
4,  6.    A  RETICULARIS,  Linn.,  var.  orbicularis,  Sow.  (affinis.)    Presteign ; 
also  Tortworth. 
6,7,8.    A?  CRASS  A  Sow.    Llandovery.    Lower  Llandovery. 

9.    RHYNCHONELLA  NUCULA  Sow.    (Terbbratula  lacunosa  and  T. 
NucuLA.)     Radnorshire ;  Shropshire.    Upper  Llandoveiy. 

10.  RH.  (Tkrsbratula)  TRIPARTITA  Sow.    Goleugoed.    Lower  Llandovery. 

11.  RH.  (Terbbratula)  PUSILLA  Sow.    Cefh  Rhyddan.    Lower  Llandovery. 
12,  13.    RH.   (Terbbratula)   FURCATA  Sow.     Bogmine,  Shropshire.     Upper 

Llandovery. 

14.  RH.  (Terbbratula)  NEGLBCTA  Sow.    Llandovery.    Upper  Llandovery. 

15.  RH.  (Terbbratula)  DECEMPUCATA  Sow.    Longmynd,  Malvems,  &c. 

Upper  Llandovery. 
16u    STROPHOMENA  COMPRESSA,  Sow.  Hope  Quarry,  Shropshire.  Upper 
Llandovery. 

17.  LEPTJENA  TRANSVERSALIS,  Dakn.     Robeston  Wailien,  Pembroke* 

shire,  &c.    Upper  and  Lower  Llandovery. 

18.  L.  SERICEA  Sow.    Shropshire,  Llandovery,  &c.    Lower  Llandovery. 

19.  ORTHIS  ELE0AT7TULA  Dalm.    Upper  and  Lower  Llandovery. 

20.  O.  BILOBA  linn,  (biihtata.)    S.  Wales.    Lower  Llandovery. 

21.  O.  CALUGRAMMA  Dalm.,  var.  Davidsoni,  deVemeuil.    May  Hill  and 

Malvern.    Upper  Llandovery. 
22,  23.    O.  PROTENSA  (lata),  Sow.    Llandovery.    Lower  Llandovery. 

24.  SPIRIFER  TRAPEZOIDALIS,  Dalm.  (radiata.)    Llandovery.    Lower 

Ilandovery. 

25.  SP.  PUCATELLUS,  Linn.,  var.  radiatus.    Tortworth,  liay  Hill.    Upper 

Llandovery. 

26.  PTERINEA  (Avicula)  RETROFLEXA  Dalm.     Tortworth,  Malvems. 

Upper  Ilandovery. 

27.  EUGMPHALUS  SCULPTUS,  Sow.    Tortworth.    Upper  Llandovery. 

28.  HOLOPELLA   (Turritblla)    OBSOLETA  Sow.      Tortworth.      Upper 

Llandovery. 
2ff.    BELLEROPHON  TRTLOBATUS,  Sow.    Tortworth.    Upper  liandovery. 
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PLATE  X. 

LLANIX)\^RY  ROCK&-TRILOBITES  AND  SHELLS. 

Fig.    1.    GLYPTOCRINUS,  sp.    Exterior  and  internal  nuts  of  tlie  stems.     Nash 
Scar,  Presteign.    Upper  LlandoTery. 

2.  CORNLXITES  SEBPULARIUS,  Schloth.    Upper  Llandovery. 

3.  TKNTACULITES  ANGLICUS.  Salter,    (annclatus.)     Interior  and  ex- 

terior.   Shropshire.     Upper   Llandoyerj.     Robeston  Wathen.      Lower 
Llandovery. 

4,  r>.    ENCRINURUS  PUNCTATUS,  Briinn.    Hope  Quarry,  Shelve. 

C.    PHACOPS  STOKESII,  M..£dw.     Tortworth.  May  HilL     Upper  Llan- 
dovery.   [Veiy  characteristic  of  these  rocks.] 

7,  8.    CTENODONTA  (Nucula)  SUB.EQUALIS,  M*Coy.    Malvems.    Upper 
Llandovery. 

9.    CT.  EASTNORI,  Sow.    Malvems.    Upper  Llandoveiy. 

10.  RAPHISTOMA    LENTICULAR        Sow.      Sturedge  Hill,  Worcester. 

Upper  Llandovery. 

11.  MURCHISONIA  (Tuedo)  PRYGE-ffl,  Sow.    Llandovery.    Lower  Uan- 

dovery. 

12.  M.  (TuBBo)  ANGULATA,  Sow.    Mandinam.    Lower  Llandovery. 

13.  MACROCHEILUS  (Buccikum?)  FUSIFORMia  Sow.  Presteign.  Upper 

Llandovery. 

14.  HOLOPELLA  (Tubbitklla)  CANCELLATA,  Sow.    Presteign,  Malvern. 

Llandoveiy.    Upper  Llandovery. 
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PLATE  XI. 

LLANDOVERY  ROCKS-SHELLS  (CEPHALOPODA). 

Fig.  1.    LITUITES  CORNU-ARIETIS,  Sow.   Corton,  Presteign.  Upper  Ilandoyery. 

2.    ,  var.  p.    Cefn-y-Garreg,  Llandovery.    Lower  LlandoTery. 

3.  L.  (Nautilus)  UNDOSUS,  Sow.    Blaen-y-cwm,  Llandovery.     Lower  Llan- 

dovery. 

4.  CYBTOCERAS    (Okthocbras)  APPROXIMATUM,  Sow.     Eaatnor  Park, 

Malvema.    Upper  Llandovery. 

6.    TE.ETOCERAS   (Obtiioceras)  BISIPHONATUM,  Sow.     Gorllwyn  fach, 
Llandovery.    Lower  Llandovery  rocks. 
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PLATE  XII. 
UPPER  SILURIAJ^  GRAPTOLITES,  PLANTS  (CALCIPHYTES),  ETC. 


In  the  following  Plates,  V.h.  signifies  Upper  Ludlow. 
W.Sh.     „       Wenlock  shale. 
W.L      „       Wenlock  limesUme. 
L.L       „        Lower  Ludlow  rock. 
A.L       „        Aymestry  limestone. 

[Thia  only  ngnttes,  lio««rer,  that  the  specMa  mentioned  hu  been  figured  from  ■pecimeiM  firom  the 
peenliar  bead  of  rock  noted ;  linee  many  of  the  eame  iheU  are  common  to  aeTcral  ■ubfinmatioD*.  See 
the  Table  in  the  Appendix.] 

Fig.  1.  GBAPTOLITHUS  PBIODON,  Bionn.  (Lddiitsis.)  1  a,  magnified.  Llan- 
&ir,  Welshpool  W.Sh.  [Tlus  occurs  throughout  from  the  Snowdon  slates 
to  the  tJpBfgr  Ludlow  rooks.] 

2. .    A  group  from  a  nodule  in  the  Wenlock  shale. 

3.  SPONaABIUM   EDWABDSII,  Muroh.    (A  Galciphyte.)     Biraher  Com- 

mon, Aymestry.    U.L 

4.  ISCHADITES  ECENIGII,  Murch.    Probahly  a  (>tidean.    Ludlow.    LL 

5.  Lrregular  pyramid,  in  the  mudstone  of  the  Upper  Inidlow  rook,  resulting  from 

the  motion  of  ENCBINITAL  STBHS  in  the  soft  micaceous  matrix:  see 
p.  147  (CopHiNUB  DVBius,  Eonig,  Sil.  Syst).  Ludford.  U.L  From  later 
inyestigations,  it  appears  that  this  is  engraved  in  a  rerersed  position,  the 
base  of  the  pyramid  being  in  nearly  erevy  case  upwards. 
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PLATE  Xm. 


UPPER  SILURIAN  CRINOIDEA. 


Fig.  1.    PEBIEGHOCBINUS    (Actikocbeab)    MONUJPOBMIS,  Miller.     W.L. 
Dudley. 

2.    .    Stem  and  pelvis. 


3.  CBOTALOCEINUS  (Cyathoceiwus)  BUGOSUS,  Miller.     Pelyis.     W.L. 

Dudley. 

4.  DIMBEOCMNUS  ICOSIDACTYLUS,  PhilL    W.L.    Dudley. 
6.    D.  DECADACTYLUS,  Phill.    W.L.    Dudley. 
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PLATE  XIV. 
UPPER  SILURIAN  CRINOIDEA. 

Fig.  1.    MAESUPIOCEINITES  CJBXATUS,  Phill.    W.L.    Dudley. 

2.  EUCALYPTOCRINIJS  (Hypanthocrinitbs)  DECORUS,  PlnlL    W.L 

Dudley. 

2a,    .    OuUineB  of  the  pelvic  plates.    Dudley. 

3.  CYATHOCRINUS  GONIODACTYLUS,  Phill.    W.L.    Dudley. 

4.  C.  TESSERAOONTADACTYLUS,  Hisiiiger.  (AcriNocBniiTBS  simplex.) 

W.L.    Dudley. 

6,6.    TAXOCRmUS   (Cyathocrikitm)  TUBERCULATUS,  Miller.     W.L 
Dudley. 

7.  T.  (ACTUfOCRiKiTBS?)  ARTHRITICUS,  Phill.    Dudley. 
7» .    A  few  joints  with  tentacles,  magnified.    W.L. 

8.  ICHTHYOCRINUS  (Cyatpoceinites)  PYRIFORmS,  Miller.     W.L 

Dudley. 

a    PLATYCRINUS(ACTiN0CRii«iTB8?)RETIARnJS,  Phill.    W.L  Dudley. 
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PLATE  XV. 

UPPER  SILURIAN  CRINOIDEA. 

Fig.  1,2.    GLYPTOCRINUS  ?     (Actinoceinites  ?)     EXPANSUS,    PhiU.      W.L. 
Dudley. 

3.    CYATHOCRINUS  CAPILLARIS,  Phill.    W.L. 

3a.    .    A  magnified  portion  of  tlie  finger.     Wenlock  and  Dudley. 
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PLATE  XVI. 


UPPER  SILURIAN  ANNELIDA. 

Fig.    1.    SERPULITES  LONGISSIMUS,  Murch.    U.L.    Ludlow. 

2.  SPIEOBBIS  LEWISII,  Sow.  Natural  aize,  on  the  inner  eurfaoe  of  a 
lituites ;  and  2a,  magnified.  W.L.  Ledbury.  Ck>inmon  in  the  Upper 
Ludlow  rock. 

3-10.    CORNULITES  SERPULAEIUS,  Schloth.    W.L.    Ledbury. 

11.  TENTACULITES  ORNATUS,  Sow.    Natural  size,  magnified,  and  a  sec- 

tion.   W.L.    Dudley. 

12.  T.  TENUIS,  Sow.    Natural  size  and  magnified.    Usk,  Monmouthahire,  in 

Upper  Ludlow  rock. 
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PLATE  XVII. 

UPPER  SILURIAN  CRUSTACEA. 

Fig.  1.    CALYMENE  BLUMENBACHII,  Brongn.    W.L.    Dudley. 

2.    PHACOPS  (ASAPHUS)  CAUDATUS,  Brongn.    W.L.    Dudley. 

3-6.    PH.  LONGICAUDATUS,    Murch.     W.S1l      Wiatangtow   wid  Bur- 
lington, Shropshire. 

7.  PROETUS  STOKESII,  Muroh.    W.L.    Dudley. 

8.  PROETUS,  sp.    W.L.    Ledbury,  Malvems. 

9-11.  ILL^NUS  (Section  BUMASTUS)  BARRIENSIS,  Murck  10.  Side 
view  of  the  head  and  eye.  Woolhope  Limestone.  Barr,  Staffordshire ; 
Kalvems,  &c. 
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PLATE  XVIII. 

UPPER  SILURIAN  CRUSTACEA. 

Fig.  1      PHACOPS   (Amphus)    CAUDATUS,   Brongn.     W.L.     Shropehipe  and 
Dudley. 

2,  5.    PH.  (Caltmbitb)  DOWNINGI^E,  Murch.    W.L.    Dudley. 

3,  4.    .    Tails  of  young  specimens.    (Asaphcs  Cawdobi  and  A  sxrscAr- 

DATus.)    From  Ludlow  Bock,  Pembrokeshire. 

6.    PHACOPS  STOKESII,  Milne-Edw.  (Caltmbke  MACHorarHALMA.)    'W.L. 
Dudley  and  Walsall. 

7,  8.    ACIDASPIS  BBIQHTTI,  MurcL    (8.  Paradoxidbs  QUADBmrcBOHATCs.) 
W.L.    Malyems  and  Dudley. 

9.    ENCBINUBUS  (Calymbkb)  VABIOLABIS,  Brongn.    W.L.    Dudley. 

10.  CALYMENE  BLUMENBACHII,  Brongn.    W.L.    Dudley. 

11.  C.  TUBEECULOSA,  Salter.   (C.  Blumbkbachii,  var.,  Sil.  Syst)    W.S1l 

Burrington,  Shropshire. 
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PLATE  XIX. 

UPPER  SILURIAN  CRUSTACEA. 

Fig.  1,  2.    CEEATIOCAEIS  (Onchus)  MURCHTSONT,  M'Ooy.     Spines  of  the 
tail.     Uppermost  Ludlow  rock,  near  Ludlow. 

3.    CERATIOCARIS,  sp.  (Onchvs.)    Fragment  of  tail-spine. 

4,  5.    PTERYGOTUS  PROBLEMATICUS,  Agass.    Portions  of  the  carapace, 
nat  size  and  magnified.    Upper  Ludlow.    Ludford,  in  the  bone-bed. 

6.    .    Portion  of  the  base  of  one  of  the  jaw-feet    Same  locality. 

7-9.    HOMALONOTUS   KNIGHTTI    (including  H.  Ludbhsis,  Sil.  Syst). 
U.L.    Ludlow. 

10,  11.  CHEIRURUS  (Paradoxidbs)  BIMUCRONATUS,  Murch.  10,  the 
body-segments;  and  11,  the  tail:  the  former  is  placed  in  an  inverted 
position,  the  anterior  end  downwards  (it  was  so  engraved  in  the  original 
work).    W.L.    Malvems. 
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PLATE  XX. 
UPPER  SILURIAN  BRACfflOPODA. 

Fig.  1.  2.  DISCINA  (Orbicxjla)  RUGATA,  Sow.     U.L.    Ludlow. 

3.  D.  (Orbicula)  STRIATA,  Sow.    U.L.    Delbury,  Shropehire. 

4.  CRANIA  (Patella)  IMPLICATA,  Sow.    W.L.    Abberley. 

5.  LINGULA  LEWISII,  Sow.    A.L.     Mary  KnoU,  Ludlow. 

6.  L.  LATA,  Sow.    L.L.    Elton. 

7.  L.?  STRIATA,  Sow.     L.L.    Near  Aymeatry. 

8.  CHONETES  (LEPTiSNA)  LATA,  von  Buch.     U.L.    Ludlow. 

9.  ORTHIS  ELEGANTULA,  Dalm.,  var.  ORBICULARIS,  (orbiculabir.) 


I 


Exterior  and  internal  cast    U.L.    Ludlow.  | 

I 

10.  O.  CALLIGRAMMA,  Dalm.,  var.  RUSTICA.  (buotica.)    W.L.    VaUey  j 

of  Woolhope. 

11.  O.  LUNATA,  Sow.     Exterior  and  internal  oasts  of  both  Talves.    U.K 

Ludlow.  I 

12.  O.  ELEGANTULA,  Dalm.  (canalis.)    W.L.    Darmington,  Woolhope. 

13.  O.  HYBRIDA,  Sow.    W.L.    WalsalL 

14.  O.  BILOBA,  Linn,  (sinuata.)    W.L.    Walsall. 
16.  LEPTiENA  LAEVIGATA,  Sow.    W.Sh.    Burrington. 

16.  L.  MINIMA,  Sow.     Natural  size  and  magnified,    W.Sh.     Burrington. 

17.  L.  TRANSVERSALIS,  Dalm.    W.Sh.    Buildwas. 

18.  STROPHOMENA  (Lbptana)  ANTIQUATA,  Sow.    W.Sh.    Woolhope. 

19.  S.  (Lbptana)  EUGLYPHA,  Dahn.    W.L.    Dudley. 

20.  S.  (Leptana)  DEPRESSA,  Sow.    W.L.    Dudley. 

21.  S.  (Orthis)  FILOSA,  Sow.    W.Sh.    Burrington;  Oldcastle. 
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PLATE  XXL 

UPPER  SILURIAN  BRACHIOPODA. 

Pig.  1.    SPIRIFER  PLICATELLUS,  linn.,  var.  INTERLINEATUS.  (intbr- 
LiNEATVs.)    AL.    Aymeetry. 

2.  SP.  PLICATELLUS,  Linn,  (radiatus.)    W.L.    Malvems. 

3.  SP.  TRAPEZOIDALIS,  Dalm.    U.L.    Uak. 

4.  SP.  CRISPUS,  linn.    W.L.    Dudley. 

5, 6.    SP.  ELEVATUS,  Dalm.  (octoplicatus.)    W.L.    Abberley. 

7.    SP.?  PISUM,  Sow.    W.L.    WalsaU. 

8,9.    PENTAMERUS  (Atrypa)  GALEATUS,  Dalm.  W.L.  WenlockEdge; 
Dudley;  PembrokeBhire. 

10.  P.  KNIGHTII,  Sow.    AL.    Downton-on-the-Rock ;  Sedgley. 

11.  P.  KNIGHTII,  var.  AYLESPORDII.    Same  localities. 

12,  13.    ATRYPA  RETICULARIS,  linn,  (affinis.)    AL.,  W.L.    Shpopshire ; 
May  Hill ;  Dudley,  &c.    Woolhope  L.  Woolhope. 
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PLATE  XXII. 

UPPER  SILURIAN  BRACmOPODA. 

Fig.  1,  2.    RHTNCHONELLA    NUCULA,  Sow.  (Tbhsbratula   laccrosa  and  T. 
NucuLA.)    U.L.    Radnorshire;  Shropshire. 

3.  R.  (TiMBBAT.)  PENTAGONA,  Sow.    U.L.    Delbury.  Shropshire. 

4.  R.  BOREALIS,  Schioth.  (T.  lacunosa.)    W.L    Wenlock  Edge. 
6.    ,  var.  DIODONTA.  (T.  bidkntata,)    W.L.    Dudley. 

6.  R  (Tbb.)  CRISPATA,  Sow.    Woolhope  Limestone,  Nash  Scar. 

7.  R.  (Tbb.)  CREBRICOSTA,  Sow.     W.Sh.    Tynewydd,  Llandovery. 

8.  RETZIA  (Tbb.)  CUNEATA,  Dalm.    W.L     Dudley. 

9.  RHYNCHONELLA  (Tbb.)  SPH^ERICA,  Sow.    W.Sh.    WalsalL 

10.  R.  DEFLEXA,  Sow.  (Tbr.  dbplexa  and  T.  iiitbbpucata-)    W.L.  Wen- 

lock  Edge.    W.Sh.  Walsall. 

11.  R.  (Tbb,)  STRICKLANDI,  Sow.    W.L  Longhope.    W.Sh.  Usk. 

12.  R.  (Tbb.)  NAVICULA,  Sow.    A.L  Ludlow;  Usk    W.Sh.  BuiIOl 

13.  R.  (Tbr.)  WII50NI,  Sow.    A.L    Aymestry. 

14.  TEREBRATULA?    L-^rvriUSCULA.   Sow.     W.Sh.     Tynewydd,  LUm- 

dovery. 

15.  RHYNCHONELLA    DIDYMA,    Sow.    (Teb.   didtiia  aud  T.   casalis.) 

U.L,  A.L.     Usk,  Abberley. 

16.  R.  (Atbypa)  OBOVATA,  Sow.    L.L    Malverns. 

17.  R.  (Atbypa)  DEPRESSA,  Sow.    W.Sh.    Stump's  Wood,  Malverns. 

18.  R.  (Atbypa)  ROTUNDA,  Sow.    W.L.    Wenlock  Edge. 

19.  ATRYPA  (Teb,)  MARaiNALIS,  Dalm.  (including  T.  imbbicata),    W.L 

Wenlock,  &o. 

2C>.    ATHYRIS  TUMIDA,  Dalm.  (tbnuibtbiata.)    W.L    Malverns. 

21.  PENTAMERUS  (Atbypa)  LINGUIFER,  Sow.    W.Sh.    Stump^s  Wo«i, 

Malverns ;  Walsall,  &c. 

22.  RHYNCHONELLA?   (Atrypa)   COMPRESSA,  Sow.     Woolhope  Lime- 

stone.    Woodsidc  and  Nash,  Prcsteign. 


Digitized  by  VjOOQIC 


BflACHiOPOWA 


PI    11. 


^DCSfftmrifi 


Digitized  by  VjOOQIC 


TUFFIER     SaiLTUmiAIT. 


1.  AMKJ.LIBKANCB1ATA 


PI.  23 


J  V  c  j>>i»T/*r 


*»«^#^7?tWM  VA 


Digitized  by  VjOOQIC 


PLATE  XXIII. 

UPPER  SILURIAN  LAMELLIBRANCHIATA. 

Fig.  1.    M0DI0L0PSI8  (Pullaotba)  COMPLANATA,  Sow.    U.L.    New  Bridg-. 
north. 

2.  GONIOPHOBA  (Cypricardia)  CYMB^PORMIS,  Sow.    U.L.    Ludlow. 

a  OBTHONOTA  (Ctpric.)  IMPRESSA,  Sow.    U.L.    Pelbury. 

4.  O.  (Cypric.)  UNDATA,  Sow.    U.L.    Near  Aymesta7. 

5.  O.  (Mta)  ROTUNDATA,  Sow.    A.L.     Caynham  Camp,  Ladlow. 

6.  O.  (Ctpricardu)  AltfYGDALmA,  Sow.    U.L.    Ladlow,  &c. 

7.    .    Variety.    (C.  rbtusa,  Sow.)    U.L.    Delbuiy. 

8.  O.  (Psammobia)  BIGIDA,  Sow.    L.L.    Garden  House,  Aymestry." 

9.  O.  (Cypricardia?)  SOLENOIDES,  Sow.    L.L.    Near  Ladlow. 

10.  CTENODONTA  ANGLICA,  d'Orb.    (Nitcula  ovalis.)    U.L.    Trewerne 

HiUfl,  Radnorabire. 

11.  CARDIOLA  FIBBOSA,  Sow.    L.L.    Mary  Knoll  Dingle,  Ladlow. 

12.  C.  INTEBBUPTA,  Broderip.    L.L.    Ajmeetry,  Badnorshire,  Ac. 

13.  C.  (Cardium)  STBIATA,  Sow.    A.L.    Aymegtry. 

14.  MODIOLA  ANTIQUA,  Sow.    W.Sh.    Glaas  Houne  Hill,  E.  of  May  Hill, 

Glouoeetershire. 

1.5.    PTEBINEA  SOWERBYI,  M'Ooy.   (Avicula  rkticulata.)    A.L.    Croft, 
Aymeetry. 

16.  PT.  LINEATULA,  d'Orb.  (Avicula  linbata.)    U.L.    Ludlow. 

17.  PT.  (Avic.)  BETROFLEXA,  Wahl.     U.L.    Malvems. 
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PLATE  XXIV. 
UPPER  SILURIAN  GASTEROPODA. 

Fig.  1.    TURBO  COBALUI,  Sow.    U.L.    Badnorahtre. 

2.  MURCHISONIA  (Plburotoma)  ARTICULATA;  Sow.    U.L.    Ludlow. 

3.  LOXONEMA  SINUOSA,  Sow.    L.L.    Aymeetry. 

4.  TURBO  OCTAVIUS,  d'Orb.  (cieiicatus.)    U.L.    Treweme  BQlk,  Rad- 

norshire. 

5.  MURCHISONIA  (PLBURaroMARiA)  LLOTBII,  Sow.    L.L.    Shelderton ; 

Ajmesfcry. 

0.    PLEUROTOMARIA  UNDATA  Sow.    L.L.    Near  Ludlow. 

7.  MURCHISONIA  (Plburotoma)  CORALLII,  Sow.    U.L.    Bradnor  Hill, 

Kington. 

8.  ACROCULIA  PROTOTYPE  Phill.  (Nbrita  spirata.)    Woolhope  Lime- 

■  stone,  Presteign. 

9.  A  (Nbrita)  HAMOTIS,  Sow.    W.L.    Ledbury. 

10.  TURBO  CIRRHOSUS,  Sow.    W.Sh.    Wenlock. 

11.  EUOMPHALUS  CARINATUS,  Sow.    AL.    Ajmesfcir. 

12.  £.  DISCORS,  Sow.    W.L.    Wenlock  Edge. 

13.  E.  RUGOSUS,  Sow.    W.L.    Wenlock  Edge. 
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PLATE  XXV. 


UPPER  SILURIAN  GASTEROPODA,  PTEROPODA,  AND 
HETEROPODA. 


Fig.  1.  NATICA  PARVA,  Sow.    U.L.    Fownhope,  HerefordBhire. 

2.  EUOMPHALUS  8CULPTTJS,  Sow.    W.L.    Ledbury. 

3.  E.  FUNATUS,  Sow.    W.L.  -Wenlock  Edge. 

4.  E.  ALATUS,  WahL    W.Sh.    Delyes  Qreen ;  ^tame  Bridge. 

5,  6.  BELLEROPHON  DILATATUS,  Sow.    WSh.    Bumngton,  Ludlow. 

7.  B.  WENLOCKENSIS,  Sow.    W.Sh.    Croft»  MalVem. 

8.  B.  EXPANSUS,  Sow.    U.L.    Ludlow. 

9.  CYBTOLITES?  (Ctktocbras)  UEVIQ.    L.L.    Abberloy. 

10.  CON.ULAIIIA  SOWEBBYI,  Defrance.  (quadbibulcata.)   W.L.  Wenlock 
Edge. 
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PLATE  XXVI. 


UPPER  SILURIAN  CEPHALOPODA. 


Fig.  1.    OBTHOOBBAS  ANNULATUM,  Sow.    W.L.    Hay  Head,  WabalL 


-,  Tar.  FTMBRTATUM.  (O.  fimbriatuii,  Sow.)  W.Sh.  Asfcon,  Maj 


Hill ;  MalyeniB,  &c. 

3.  O.  ATTEinJATUM,  Sow.    W.Sh.    Onny  Biyer,  Shropflhire. 

4.  O.  iDISTAKS,  Sow.    L.L.    Near  Aymestry. 

6.    O.  NUMMULARIUM,  Sow.    W.Sh.    Whitfield  Quarry,  Tortworth. 
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PLATE  XXVII. 

UPPER  SILURIAN  CEPHALOPODA. 

Fig.  1.    OBTHOCEBAS  FILOSUM,  Sow.    L.L.    Leintwardine. 
2.    O.  GBEGABIUM,  Sow.    L.L.    Near  Ludlow. 
3,  4.    O.  EXCENTBIOUM,  Sow.    Woolhope  limestone,  Old  Radnorshire. 

5.  OBMOCERAS   (Obthocbeab)  BRIGHTII,  Sow.     Broken  open.  'W.L. 

Malyems. 

6.    .    The  siphunole,  slightly  magnified. 
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PLATE  XXVIII. 
UPPER  SILURIAN  CEPHALOPODA. 

Fig.  1,  2.  ORTHOCERAS  LUDENSB,  Sow.    L.L.    Ludlow, 

a  O.  OANALICULATUM,  Sow.    W.Sh.    Ledbury. 

•  4.  O.  ANGULATUM,  Hisinger.  (yntoATUM.)    L.L.    Mooktree  Forest 

5.  O.  DDCEDLiTUM,  Sow.    L.L.    Water-break-its-neck,  Badnor  Foresl 
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PLATE  XXIX. 

UPPER  SILURIAN  CEPHALOPODA. 

Fig.  1.    OBTHOCERAS  BULLATUM  (or  striatum),  Sow.    U.L.    Ludlow. 

2.    O.  MOCETBEENSE,  Sow.    A.L    Mocktree  Hays,  Shropflhiie. 

3f  4.    O.  IBEX,  Sow.  (induding  O.  articulatum).    n.L.    Near  Ludlow. 

5,  6.    O.  FEBELEGANS,  Salter.  (LrruiTBS  ibex  and  L  abticulatvs.)    LL 
Elton,  Fig.  6;  Shelderton,  Fig.  6. 

7.    O.  IlkCbBICATUM,  Wahl.    LL    Near  Ludlow. 


Digitized  by  VjOOQIC 


PLATE  XXX, 

UPPER  SILURIAN  CEPHALOPODA. 

Fig.  1,2,3.    PHRAGMOCERAS  (Okthoceras  or  Oomphocbrab)  PTRIFORMR 
•  Sow.    L.L.     Leintwardine. 

4.    P.  INTERMEDIUM,  M^Coy.  (arcuatum,  tmt.  p.)    L.L.    SheldertoD. 
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PLATE  XXXI. 

UPPER  SILURIAN  CEPHALOPODA. 

Fig.  1,2.    PHBAaMOCEBAS     NAUTILEUM,     Sow.     W.S.     Myddelton    HaU, 
Caermaiihen. 

3.  P.  ARCUATUM,  Sow.    L.L.    Near  Ledbury. 

4.  P.  COl^RESSUM,  Sow.    L.L.    Near  Aymestry. 

5.  LITUITES  BIDDULPHII,  Sow.    (Numerous  spedmens  of  the  minute 

Spihorbis  Lewisii  are  imbedded  in  the  cast,  having  been  detached  from 
the  inner  surface  of  the  Lituite,  where  they  had  taken  up  their  residence 
after  the  cephalopod  had  quitted  it.)    W.L.    Ledbury. 

6.  L.  ARTICULATUS,  Sow.    L.L.    Near  Ludlow. 
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PLATE  XXXII. 


UPPER  SILURIAN  CEPHALOPOD. 


Fig.  1, 2.    PHBAGMOCERAS  VENTRICOSUM,  Sow.    L.L.    Lontwaidine. 
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PLATE  XXXIII. 

UPPER  SILURIAN  CEPHALOPODA. 

Fig.  1,  2,  3.    MTUITES  GIGANTEUS,  Sow.    L.L.    Mocktree  Hays. 

4:    LITUITES?    TORTUOSUS,   Sow.    L.L.?    Between  Welshpool  and 
Berriew,  Mont^mer3rBhire.  . 
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PLATE  XXXIV. 

FOSSILS,  CmEFLY  MOLLUSCS,  OF  THE  UPPER  LUDLOW  ROCK. 

[Mostly  from  the  **  Tileetone-bedB  "  of  South  Wales.] 

Fig.  1.    ONCHUS    MUROHISONI,   Agassis.     A  troe  fish-defenoe.     Tin  Mill 
Downton,  Ludlow.    In  the  Downton  Sandstona 

2.  LINGULA  CORNEA,  Sow.    Tin  ICill,  Downton.    Downton  Sandstone. 

3.  CUCULLELLA  CAWDORI,  Sow.    In  Upper?  Ludlow  Rock.    Fradi- 

water  East,  Pembrokeshire. 

4.  PTERINBA  (Aticvla)  RECTANaULARIS,  Sow.    Horob  CSiapel,  Uan- 

dovery. 

6.  ORTHOCERAS  ?  SEMIPARTITUM,  Sow.    Horeb  ChapeL 

6.  O.  TRACHEALE,  Sow.    Horeb  Chapel,  liandovery. 

7.  MODIOLOPSIS  (Pullastba)  LiEVIS,  Sow.    Horeb  Chapel. 

8.  BELLEROFHON  CARINATUS,  Sow.    Horeb  Chapel. 

9.  B.  TRILOBATUS,  Sow.    Felindre,  ten  milea  W.  of  Ejiighton. 

10.  HOLOPELLA  (Turritblla)  CONICA,  Sow.    Hoieb  Chapel. 
10a.    H.  (TuKErrBLLA)«GREGARIA,  Sow.    Horab  Chapel. 

11.  H.  (TuBEiTiLLA)  OBSOLETA,  Sow.    Hoieb  Chapel ;  Felindre. 
12,13.    TROCHUS?  HEUCITES,  Sow.    Horeb  Chapel. 

14.  TURBO  WILLI  A  MSI,  Sow.    Horeb  Chapel. 

16.  QONIOPHORA  (Ctpricardia)  CYMBiEFORMIS,  Sow.    Felindre. 

16.  CUCULLELLA  (CucvLLiKA)  AITTIQUA,  Sow.    Horeb  ChapeL 

17.  C.  (Cvcullaa)  OVATA,  Sow.    Horeb  Chapel. 

18.  CHONETES  (Lkftmva)  LATA,  von  Buch.    Horeb  Chapel. 

19.  BELLEROFHON  MURCHISONI,  d'Orbigny?  (sntiATVa.)    Felindie. 

20.  B.  EXPANSUS,  Sow.    Young.  (oi.obatub.)    Felindie. 

21.  BEYRICHIA  ELCEDENI,  M'Coy?  (Aqnootus  tubebcvlatus.)    Lodge 

Bank,  Downton. 
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PLATE  XXXV. 

FOSSILS,  CIHEFLY  FISH-REMAINS,  OF  THE  UPPER  LUDLOW 

BONE-BED. 

[All  these  are  from  Ludford,  near  Ludlow.] 

Fig.  1,  2.    SPHAOODUS,  Agase.   (S.  pristodontus.)    Skin :    la  and  2,  magnified 
portions. 

3-8.    PLECTBODUS  MIBABILIS,  Agaw.    Jaws  and  teeth,  natoral  size  and 


9-12.    P.  (ScLERODUs)  PUSTULTFEBUS,  Agass.    Natural  size,  and  magnified. 

13,14.  ONCHUS  MUBGHISONI,  Agass.  Fish-defenoe ;  the  most  common 
species. 

15-17.    O.  TENUISTBIATUS,  Agass.    Fish-defence. 

18.    Shaqrbxn    Scalbs,    probably    of    Onohus   tekuistriatus,  according   to 
M'Coy.    (Thblodus  parvidens,  Ag.)    These  are  very  abundant. 

19,  20.    Indeterminable  fragments. 

21-28.  CoPROLiTBS  (probably  of  Plbctrodus,  Agass.),  and  containing  — 
OBTHOCERAS  SEMIPABTITUM,  Fig.  22;  ENCBINITB  STEMS, 
23,  24;  LmGULA  COBNEA,  26;  HOLOPELLA  CONICA  26; 
OBBICULA  BUaATA  27;  BELLEBOPHON  EXPANSUS,  28. 
All  fossils  of  the  Upper  Ludlow  Book. 

29.  OBTHIS  LUNATA  Sow.    Frequent  in  this  bed. 

30.  Seeds  or  Spores  of  some  Cryptogamic  land-plant.  (Dr.  Hooker.) 
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PLATE  XXXVI. 

FISHES  OF  THE  OLD  RED  SANDSTONE 

Fig.  1^.    CEPHALASPIS  LTELUI,  Agass.    Forfarshire. 

4. .    Side  view  of  tihe  head. 

Exterior  plates  or  scales  of  l^e  head,  highly  magnified. 
Scales  from  the  sides  of  the  body,  magnified. 
Scales  from  the  flank. 
Scales  jfrom  the  sides  of  the  tail. 


6. 
7. 
8. 


9.    PTEBASPIS  (Cephalaspib)  LEWISII,  Agass.    Whiibatch,  Shropshire. 
10.     P.  (CxPHALABPis)  LLOYDII,  Agass.    Hfrrefordshiro. 
10».   .    A  portion  of  the  sarface,  and  the  texture  of  the  under  layer. 


1 1.     PTERASPIS  (Cbphalaspis)  ROSTRATUS,  Agass.     Head,  with  the  oiit^r 
surface  removed.     Whitbatch,  Shropshire. 
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PLATE  XXXVII. 
FISHES  OF  THE  OLD  RED  SANDSTONE. 

Fig.  1,  2.     ASTEBOLEPIS.     Interior  and  exterior  view  of  a  bony  plate  from  tlie 
head.    Elgin. 

S. .    Bony  armour  of  the  head ;  3*,  a  portion  magnified. 


4,5.    ONCHUS  SEMISTRIATUS,  Agaas.    Portions  of  Fiah-defences.    Tenbury. 

6.    CTENACANTHUS  OENATUS,  Agasa.    Middle  portion  of  a  dorsal  spine. 
Sapey,  W.  of  Worcester. 

7,8.    ONCHUS  ARCUATUS,  Agaas.    Fish-defence?    Bromyard. 

9.    HOLOPTYCHIUS  NOBILIfiSIMUS,  Agass.    One-third  of  the  natural 
length.    Claahbinnie,  Perthshire. 

10. .    Ventral  scales.    Natural  size. 

11.  H.  GIGANTEUS,  Agass.    Scale.    Clashbinnie. 

12.  H.  NOBILISSIMTJS,  under  side  of  the  scales  of. 

13.  HOLOPTYCHIUS,  tooth  of.    Elgin. 

14.  Dorsal  plate  of  COCCOSTEUS  (Cbphalaspis  in  the  'Sil.  Syst.').    Here- 

fordshire. 

15.  PTYCHACANTHUS?   DUBIUS,  Agass.    Probably  the  serrated  posterior 

spine  of  Cepbalaspis.    Magnified:  15*,  natural  size.     Herefordshire. 
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[The  four  foUowing  Plates  of  the  SILUBIAN  CORALS  and  BRYOZOANS 
are  reprinted  from  the  lithographic  stones  used  in  the  '  Silurian  System/  See  Note. 
p.  16**.] 

PLATE  XXXVIII. 

(P1.16  6M'SiI.  Syst') 

Fig.  1.    CYSTIPHYLLUM  SILURIENSE,  Lonsi    W.L.    Wenlock  and  Dndley. 
1  a.  Vertical  section  of  ditto. 

2.  OMPHYMA   MURCmSONI,    Edw.  and  Haime.    (CYSTiraYLLUM  Silu- 

EXSFSi,  in  part)    W.L.    Wenlock. 

3.  CYSTIPHYLLUM   CYLINDRICUM,    Lonad.     W.L.      BenthaU    Edge. 

da.  Vertical  section.    36.  Calyx. 

4.  PTYCHOPHYLLUM  PATELLATUM,  Schloth.  (Stbombodes  plicatum.) 

Woolhope  and  Wenlock  L.  West  side  of  Malyems.  4a,  Vertical  section. 
46.  Cup  of  younger  specimen.    4  c.  Lateral  Tiew  of  ditto. 

5.  PETRATA  BINA,  Lonsd.    Litemal  casts  in  LlandoTexy  rock,  ICarioes  Bay ; 

also  in  the  Wenlock,  Aymeetsy,  and  Ludlow  rocks.    A  common  species. 

6.  P.  ELONOATA,  Phillips.    Internal  cast  in  Upper  liandovery  rock,  lickey, 

Worcestershire.  6  a.  View  of  the  base  of  the  csst,  showing  the  arched 
lamellie. 

7.  CCENITES  JUNIPERINUS,  Eichw.  (Limaria  clathrata.)    W.L.  Dud- 

ley ;  Wenlock  Edge ;  Woolhope,  Ac  7a,  7*.  Slightly  enlarged,  to  show  the 
linear  mouths. 

8.  CCENITES  INTERTEXTUS,  Eichw.  (Limaeia    PRurioosiL)    W.L.  Wen- 

look  and  Dudley ;  Woolhope  Limestone,  Presteign.    8  a.  Magnified  portion. 

9.  CYATHOPHYLLUM  ARTICULATUM,  linn.    A  worn  specimen.   (Cla- 

DOCORA  SULCATA.)  W.L.  Bcnthall  Edge.  9a,96.  Transrerse  sections  of 
young  and  old  stems. 

10.  VERTICILLOPORA?    ABNORMIS,   Lonsd.      Ludlow  rocks  of  Pjrton 

Passage,  Gloucestershire.  lOo.  Transverse  section.  106.  Pores,  magnified. 
10  c.  Lobed  and  branched  specimen,  showing  the  concentric  coats  and 
hollow  centre.     \0d.  Vermicular  pores,  magnified. 

11.  CNEMIDIUM  TENUE,  Lonsd.    W.L    Dudley.     11  a.  Central  caVity  and 

horizontal  tubes.     \\b.  Surface-pores,  magnified. 

12.  HELIOLITES  INORDINATUS,  Lonsd.  (Poritbs).    Caradoc  strata  (Lhm- 

deilo  flags,  'Sil.  Syst.')  of  Robeeton  Wathen,  Pembrokeshire.  12  a.  Stars, 
magnified.  \2K  Cast  of  Uie  same,  magnified.  12r.  Transverse  sections  of 
the  stems. 
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PLATE  XXXIX. 

(PL16'Sa.SyBt.») 

Pig.l.    HBUOLITES?  DISCOIDEUS,  Lotiadale.    (Porites.)    W.L.    Wenlock. 

2.  H.  INTEESTINCTUS,  iinn.  (Poritks  PTRiFORMts.)  Caradoe  rocks  of 
Shropshire  and  Westmoreland,  Wales,  and  Ireland.  Uandoyery  rocks 
of  Marloes  Bay,  Pembrokeshire,  S.  Wales,  AyrshirOr  Galwaj..  Wenlock 
limestone  and  Ludlow  rock  of  Wenlock,  Dudley,  Aymestry,  &c  2  a.  Suir- 
iaoo  magnified.  2  b,  2  c.  Horizontal  sections,  nat.  size  and  magnified. 
2d.  Shows  the  transverse  lameUss.  2^.  A  vertical  section  with  these 
broken  out  or  absent 

a  H.  TUBULATTJS,  Lonsd.  (Porites.)  Caradoe  rocks  of  Montgomeryshire, 
and  Llandovery  rocks  of  Ayrshire  and  Wales  (M*Coy).  W.L.  Dudley 
and  Wenlock,  May  Hill,  &c.  3  a.  Surface  magnified  twice.  36.  Vertical 
weathered  surfiM».  3c,Sd,Se.  Transverse  and  vertical  sections.  3/  Small 
variety,  natural  size. 

4.  H.  PETALLIPOEMIS,    Lonsd.    (Porites.)     W.L.  and  W.Sh.    Dudley, 

Walsall.    4  a.  Horizontal  section. 

5.  LABECHIA    CONFEETA,    Lonsd.    (Mohticularia.)     W.L.     Benthall 

Edge,  &o.    5  a.  Vertical  section,  weathered  surface  of  ditto. 

6.  ACERVULAEIA  AKANAS,  linn.    (Astrjba.)    W.L.  Dudley,  Wenlock, 

Malverns,  &c.    6a-6/.  Young  stars  variously  developed. 

7.  CYATHOPHXLLUM  FLEXUOSUM,  Lonsd.    W.Sh.    Malvern.    7a,  7b. 

Longitudinal  and  transverse  sections. 

8.  ABACHNOPHXLLUM  TYPUS, .  M*Coy.  (Acervtjlaria  Baltica.)    W.L- 

Wenlock  and  Dudley.    Young  specimen.    8  a.  Under  surface  of  young 
specimen.    Sb.  Vertical  section.    8oSe.  Older  varieties ;  allnat.  siza 

9.  CYATHOPHYLLLTM  ANGUSTUM,  Lonsd.    Llandovery  (Upper).    Coal 

Moors,  Lickey,  Worcestershire. 

10.  CYATH.     ARTICULATUM,    Wahl.    (cjespitosum.)      W.L.      Wenlock,- 

Dudley,  &c.    (One-third  natural  size.) 

11.  OMPHYMA   TUEBINATUM,    Lonsd.     (Cyathophtllum.)    Llandovery 

rock,  Prolimoor,  and  W.Sh.,  same  locality.    W.L.  Wenlock,  Ac.     Ha. 
Vertical  section. 

12.  CYATHOPHYLLUM   TEUNCATUM,    Linn,  (dianthus.)    W.L.     Led- 

bury, Wenlock,  &c     125,  e.  Vertical  and  transverse  sections.     I2d.  A 
calyx  with  young  coralliteB. 

12  a.  ACERVULAEIA  AKANAS,  Linn.,  var.  rakosa,  M*Coy.  (Cyathophtllum 
dianthus,  in  part)  This  variety  differs  from  the  type  (Eig.  6)  by  having 
the  corallites  separate  from  each  other,  and  not  pressed  into  an  hexagonal 
form.  12  c.  is  probably  a  single  calyx  with  four  young  buds  of  the  same 
variety ;  it  has  been  referred  to  the  C.  articulatum  by  Milne-Edwards 
with  doubt. 
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PLATE  XL. 

(P1.15Ms*SiLSy8t') 

Fig.  I.    FAYOSITES  ALYEOLABIS,  Blamy.^    Onradoc  Bsndfitone  to  Aymestry 
.  rook.      Ererywhere   in   the   Silurian   Sjetom.      1  a.  Magnified   tubes. 
1  b,  Axyn  the  oroaB  tabube. 

2.    : — ,     Larger  yandy  of  the  same.     2a.  Weaihered  tabes  showing 

the  tabula. 

3.  FAYOSITES  OOTHLANDICA,   linn.     Oaradoc  sandstone  to  Ludlow 

rock.    Walee»  Shropshire,  Lreland,  &o.    3  a.  Magnified  tubes. 

.  4.  .    Polished  section,  exhibiting  one  or  more  rows  of  foramina. 

6.  FAYOSITES  MULTIPOBA,  Lonsd.  Wenlock  rocks,  Marloes  Bay. 
Under  surface.  5  a.  Yntical  section.  56.  Detached  tubes.  5e,  Upper 
surface  weathered. 

6.  STENOPOBA  FIBROSA,  Gbldf.  (Favosites.)    LUmdeUo  flags  to  Tipper 

Ludlow  rock.  Everywhere  in  the  Silurian  region.  6.  A  Terdcal  section. 
6  a.  Tubes  magnified,  with  transverse  tabulflD.  66.  Transverse  section. — 
6,  65,  r,  e.  toe  vertical  and  cross  fractures  of  solid  specimens.  6a.  Mag- 
.  nified  tubes,  weathered,  ahowing  interior  tabulae.  6<2,  /.  Tubes  magnified, 
showing  pores  and  marginal  processes.    . 

7.  STENOPOBA  FIBROSA.    A  branched  specimen. 

8.  ALYEOLITES  LABECHII,  Edw.  and  Haime.   (Favosftis  spoirams.) 

W.L.  Benthall  Edge;  Woolhope,  &c.  Sa^  b,  Yertical  section,  nat  size 
and  magnified.  8  c.  Yertical  section,  cylindrical  variety.  Sd,  a>  Surface 
magnified. 

9.  CH.^rr£TES     (or    Nbbulipora)     FLETCHEBI,    Edw.    and    Haime. 

(Favosites  spokgitxs,  variety.)  W.L.  Dudley.  9a.  Magnified.  96.  A 
branch,  nat  size. 

10.  SYBINGOPOBA  BIFUBCATA,  Lonsd.  (reticulata.)  W.L.  Gleedon 
Hill,  Wenlock.     lOo.  The  same  magnified. 

11,11a.    S.  BIFUBCATA,  Lonsd.    The  basal  prostrate  portions  of  the  same  species. 
116.  Tube  magnified,  showing  section. 

12.  S.  FAJ3CICULABIS,  linn.  (nLiFoavra.)  W.L;  Eastnor  Park,  and  Usk. 
Ludlow  rock.  Bistley  Wood,  Newent 

la    S.?  CESPITOSA,  Lonsd.    W.L.    Wenlock  and  Woolhope. 

14.  HALY8ITES  CATENULABIUS,  linn.  (Cateripora  escharoides.) 
Caradoc  sandstone  to  Ludlow  rock.  14a.  Cast  of  tubes.  146.  Ditto 
magnified. 
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PLATE  XLI. 

(PI.  15  '  SU.  Syst.') 

Fig.  1,1a.  STENOPORA  FIBROSA,  Gold!  (var.  ikcrustaws,  M*Coy.)  Upper 
Ludlow  rocL  (Alveolites  fibrosa.)  Ludlow,  MalTem,  &c.  'This 
yariety  is  always  found  encaaiiig  spiral  shells,  especially  Cydonema 
coraUii  and  Murchisonia-corallii 

2.  FAVOSITES    CRISTATA<    Blumenb.    (polymorpha.)     Wenlock   and 

Ludlow  rocks.    Wenlock,  Aymestry. 

3.  THECLA  SWINDEBNAKA,  Goldf.  (Poritbs  expatiata.)   W.L.   Bon- 

thaU  Edge,  Wenlock,  &c    A.L.  Aymestary.    3  a.  Stars  magnified. 

4,  6.  PAL^OCfYCLUS  PR.EACUTUS,  Lonsd.  (Cyclolitbs  prjeacuta  tod 
0.  lbnticulata.)  Wenlock  rocks  (bottom  beds).  Marloes  Bay,  Pem- 
brokeshire.   4,5.  Under  surface.    6  a.  Upper  sorfSEioe.    6  b.  Section.- 

6.  SYRINOOPORA    SERPENS,    Linn.   (Aulopora.)    The  creepmg  base. 

Upper.  Llandovery,  Prolimoor  and  Norbury.     W.L.    Lincoln    TTill^ 
Woolhope,  Dudley,  Ac. 

7.    (Duotopora?)  CONSIMILIfl,  Lonsd.  (Aulopora.)  .W.L.  Dud- 
ley.   Probably  a  Biyozoon.    Figure  twice  magnified. 

8.  8.  FASCICULARIS,    Linn.    (Aulopora   TUBiSvoRMis.)      The  creeping 

basal  portion.    W.L.    Benthall  Edge. 

9.  S.  SERPENS,  Linn.  (Aulopora  coitglomerata.)    W.L.    Dudley. 


BRYOZOA. 

(The  following  tpeeies,  formttlj  induded  as  a  peenliar  groap  in  the  Zoophyte,  and  therefore  grouped 
by  Mr.  Lonadale  in  thia  one  plate,  belong  to  the  MoUusca  Bryoioa.] 

10.  ESCHARINA?  ANGULARIS,  Lonsd.    W.L.    Dudley. 

11.  PTILODICTYA  LANCEOLATA,  Goldf.    WX.    Malvern  Hills.    11a. 

Magnified,     lib.  Young  specimen,    lie.  The  same  magnified. 

12.  GLAUCONOME   DISTICHA,  Goldf.     W.L.     Wenlock,  Dudley,  Ac. 

N.  Wales  in  Caradoc  rocks.    12^.  Magnified.     12  c,  d.  Striated  surface, 
nat.  size  and  magnified. 

13.  POLYPORA?  CRASSA,  Lonsd.  (Horwbra.)   W.L.  Dudley.    IS  a.  Cel- 

lular surface  magnified  three  times. 

14.  HETEROPORA?  CRASSA,  Lonsd.    W.L.   Benthall  Edge.    14  a.  Mag- 

nified. 

15.  FENESTELLA      LONSDALEI,      d'Orb.      (prisca.)      W.L.     Dudley. 

I6a-I6c.  Nat.  size  and  magnified. 

16.  F.  SUBANTIQUA,   d'Orb.   (antiqua.)     W.L.    Dudley.    Also  Caradoc 

sandstone.    Natural. size  and  magnified. 

17.  F.  MILLERI,  Lonsd.    W.L.    Dudley.    Magnified  about  five  times :  the 

nat.  size  is  omitted  in  the  plate. 
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Fig.  18.    FENESTELLA  LONSDALEI.  d*Orb.    As  aboTe. 

19.  F.  BETICULATA,  Lonsd    W.L.    Dudley.    Nat  size  and  magnified. 

20.  DIASTOPORA?  IBBBGULABIS,  Lonad.  (Bbrhticka.)  W.L.  Dudley. 

Nat  siie  and  magnified. 

21.  DISCOPORA  ANTIQUA,  M.-Kdw.    W.L.  Dudley.    21  a.  Upper  aur- 

faoe,  worn ;  nat  aise  and  magnified.  21  b.  Upper  and  under  surface ; 
natauie. 

22.  D.?  FAVOSA,  Lonad.    W.L.    Dudley.    Nat  sbe  and  magnified  twice. 

2a    D.    SQUAMATA,     Lonad.      W.L.     Dudley;    Hurst    Hill,    Sedgley. 
23a.  Magnified. 

24;    PHYLLOPOBA?    INPUNDIBULUM,    Lonad.     (Betkpora.)      W.L. 
Dudley. 

26.    PTILODICTYA  SCALPELLUM,  Lonad.  (Eschara.)     W.L.    Dudley, 
Woolhope,  Malvems,  &o.    Nat  size  and  magnified;  and  25b,  section. 

26.    ?  (Blumbnbachium  globosum,  Konig?)    W.L.    Dudley.    This 

curious  specimen  may  be  only  an  efflorescence  of  muriate  of  lime, 
gypeum,  or  some  other  salt  upon  the  surface,  the  specimen  having  been 
subjected  to  add. 

27.  FENESTELLA    ASSIMILIS,    Lonsd.     (Goegowia.)     WX.     Dudley. 

27  a.  Magnified. 

28.  FENESTELLA.  sp.    (Goegonia?)    W.Sh.    Alfrick,  Malyema. 

29.  CEBIOPOBA     OBANULOSA,      Gold£      W.L.     Dudley.     Ledbury. 

29a.  Magnified. 

[The  following  spedM  U  s  trae  Coral.] 

30.  ALVEOLITES?  BEPENS,  Linn.  (Millrpoea.)    W.L.    BenihaU  Edge, 

Dudley,  Ac    Nat  aixe. 

AMORPHOZOA  (SK)NGES). 

31.  STBOMATOPOBA  STBIATELLA,  d'Orb.  (cokckiteica.)   W.L. 

Dudley,  Benthall  Edge,  Ledbury,  &c.  Also  in  W.  Shale,  LbndoTery, 
and  Caradoc  rocks.  A  species  distinct  from  the  S.  comcxntrica  of  the 
Deyonian  rocks.  31.  Natural  size.  31  a.  Surface  magnified.  31  b.  Sec- 
tion, natural  sise,  ahowing  the  ooncentiic  dose  layers.  31  c.  The  same 
magnified. 

32.    ?    (S.    NCMMULmsiMiLTS,    Lousd.)     W.L.      Crews   Hill,  near 

Alfrick;  and  Mathen  Lodge,  Malyem.  This  is  not  a  Stromatopora, 
but  a  specimen  of  very  large-grained  oolitic  limestone.  (See  Phillips, 
Memoirs  QeoL  Surr.  roL  ii  pt  1.  p.  78.) 
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